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(57) Abstract: A compact injection molding machine (10) includes a clamping unit (14) mounted on a frame (12). The clamping
unit has platens (40, 44; 42, 44) defining one or more mold stations (16; 18). An injection unit (28; 30) is associated with each mold
station. Each injection unit extends into its associated mold station to engage a mold inlet (98; 100) in the mold station. The top and
sides of the mold stations are accessible for removal of molded articles.
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INJECTION MOLDING MACHINE

TECHNICAL FIELD

The invention relates to injection molding machines.
BACKGROUND ART
Injection molding machines are widely used to produce molded

articles. The articles are molded in molds having separable mold
plates or mold halves. The mold halves have one or more facing
recesses that define one or more mold cavities when the molds are
closed. Molding material, commonly molten plastic, is injected
into the closed molds and fills the mold cavities. After the
molten plastic has cooled and solidified, the mold is opened and
the molded article is removed. The mold is then closed to repeat
the cycle.

A standard injection molding machine includes a clamping
unit mounted on a frame. The clamping unit opens and closes a
mold and includes a pair of platens that define a mold station.
The mold halves are mounted on the platens in the mold station.
One platen is stationary and the other platen moves horizontally
towards and away the stationary platen to close and open the
mold. The clamping unit holds the mold closed during injection
of the molten plastic.

The mold half attached to the stationary platen includes a
feed system, typically a hot runner system, that flows molten
plastic through channels into the mold cavitieg. The hot runner
system includes a mold inlet that faces an opening extending
through the stationary platen. An injection unit extends through
the opening in the stationary platen and is connected to the mold
inlet. When the mold is closed, the injection unit injects
molten plastic into the mold. The plastic flows through the
channels and fills the mold cavities. After the mold is filled,
the mold usually remains closed to allow the molten plastic to
cool and solidify.

The molten plastic is injected into the mold under high
pressure. The pressure of the plastic filling the mold attempts
to open the mold and push apart the platens. The clamping unit
clamps the platens and prevents the mold from opening during
injection. After the mold cavities are filled, the injection

pressure is relieved and the clamping pressure is relieved.
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During molding, the injection unit remains engaged against the
mold inlet to prevent leakage from the inlet.

Standard injection molding machines are molding increasingly .
larger and more complicated articles, including automobile
bumpers and body panels. These require ever larger injection
molding machines, with larger molds, clamping units and injection
units. The machines have large "footprints" and take up large
amounts of valuable factory floor space.

Injection molding machines modified to increase the
productivity of standard injection molding machines are known.
However, these injection molding machines are not suitable for
molding large articles and do not provide much flexibility in the
types of articles that can be molded in the machines. The
machines also require molds that cannot be used in a standard
injection molding machine for testing or production flexibility.

Injection molding machines having stack molds have been
developed to mold articles in two or more molds simultaneously.
A typical stack mold is in effect two molds connected together
and includes a pair of end platens and a center platen between
them. Mold stations are defined between the platens, with the
facing sides of the platens defining mold cavities. The platens
are mechanically interconnected so that moving the end platens
simultaneously opens and closes both molds.

A stack mold enables molding of differently shaped articles
in two moldes at the same time. However, stack molds have a
number of disadvantages. The mechanical interconnection of the
mold plates is complicated and expensive, obstructs access to the
mold stations for changing molds and interferes with removal of
the molded articles. The injeétion unit extends through one end
platen to engage the center platen to feed both molds. The mold
surrounding the injection unit cannot have one large mold cavity
so that large articles cannot be molded simultaneously in both
molds. Stack molds therefore are generally limited to high
production of small, identical parts.

Tandem injection molding machines are also known for molding
in two molds with one machine. A tandem injection molding
machine has two molds, each mold having its own feed system and
separate mold inlets on the sides of the mold. The injection
unit engages the ﬁold inlet of the first mold and injects molten
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plastic into the first mold. Then, the injection unit moves to
the mold inlet of the second mold and injects molten plastic into
the second mold.

Tandem injection molding machines also have disadvantages.
The injection unit cannot remain engaged against either mold
inlet during opening and closing of the molds. Sealing the open
mold inlets is difficult and so plastic will leak £from the
inlets. Both articles must be molded using the same molding
material.

Thus, there is a need for an improved injection molding
machine. The improved injection molding machine should enable
molding of large articles in two or more molds simultaneously and
yet be relatively compact for use in existing factories. The
improved machine should be able to mold different articles with
different material dompositions. The improved injection molding
machine should be usable with conventional hot runner systems,
and should be able to use molds that can be used in a standard
injection molding machine.

DISCLOSURE OF INVENTION

The present invention is directed to an improved injection
molding machine. The improved injection molding machine can mold
two or more large articles simultaneously and yet has a compact
footprint. Articles molded with the improved injection molding
machine may have different material’compositions and may be
molded using conventional hot runner systems. Molds usable in
the improved injection molding machine can be adapted for use in
a standard injection molding machine.

An injection molding machine having features of the present
invention includes a clamping unit mounted on a frame. The
clamping unit has a pair of platens defining a mold station. One
platen moves horizontally with respect to the other to open and
close a separable mold in the mold station. An injection unit
adjacent one platen extends a nozzle into the mold station
axially between the platens. The nozzle is engagable with a mold
inlet to flow molding material through the nozzle and into the
mold. The injection unit does not extend through the one platen.

Placing the nozzle between the platens to engage the mold
inlet reduces the length of the machine and enables the machine
to have a compact footprint. Preferably, the injection unit
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extends beneath the one platen so that the top and sides of the
mold station are accessible for article removal and mold
maintenance.

The injection unit can be moved to position the nozzle at a
purge area away from the mold inlet for purging molding material
from the injection unit or other maintenance. The nozzle 1is
preferably located in the purge area such that purged molding
material discharged from the nozzle does not flow against the
mold or the mold inlet. Costly and time consuming clean up of
purged plastic prior to restarting molding cycles are avoided.
If desired, the molding cycle ¢can restart immediately after
purging and cleanup of the purged plastic can be postponed to a
more convenient time.

In some embodiments of the present invention, the mold inlet
is located on a mold half attached to the movable platen. The
injection unit is movable with the mold half during the molding
cycle and maintains a sealed flow connection between the nozzle
and the mold inlet. The sealed connection prevents leakage from
the mold inlet during the molding cycle. The injection unit can
be driven during the molding cycle by a drive that also moves the
injection unit to the purge area. In other possible embodiments
the injection unit can be mechanically interconnected with the
mold half during the molding cycle to maintain the sealed flow
connection. ’

In yet other embodiments of the present invention an
auxiliary drive is be mounted on the side of a platen facing away
from the mold station to assist in opening the mold and
positioning the mold halves. The auxiliary drive may form part
of a multi-function device that incorporates a conventional
ejector mechanism. The auxiliary drive and the ejector mechanism
share common components to reduce cost.

In preferred embodiments of the present invention the
clamping unit includes one or more additional movable platens and
defines two or more horizontally aligned molding stations. One
or more injection units are associated with each mold station.
Each injection unit is beneath the clamping unit to engage a mold
inlet of a mold in the molding station associated with that
injection unit. Some or all of the molds may define a single

large molding cavity for molding a large article. The machine
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can simultaneously mold a number of large articles, and yet has a
compact footprint mnot substantially larger than that of a
conventional single mold injection molding machine.

The injection units can inject different molding material
into each of the:different'molds., For example, an injection unit
associated with one mold étation may inject réd molten plastic in
one mold and an injection unit associated with another wmold
station may inject green molten plastic in the other mold. The
injection units can simultaneously inject the molding materials
into the molds to minimize the mold cycle time. The operating
parameters and mold processing 'in each wmold are practically
identical to those of a standard injection molding machine.

The movable platens are independently driven and are not
mechanically interconnected. The platen drives do not block
access to the sides or top of the molding stations. The opening
‘and closing strokes of the individual platens can be individually
controlled to adjust for different mold sizes and molding
differently sized articles. The platens can also be individually
moved to provide additional space in a molding station when
changing molds or performing mold maintenance.

In possible embodiments the clamping unit can include two
pairs of diagonally opposed tie bars that extend between the
corners of a pair of movable platens. The platens are located
adjacent to different mold stations. The tie bars apply a
clamping force to the platens during injection of the molds. One
pair of tie bars are mounted on one platen and move with the
platen. The other pair of tie bars are mounted on the other
platen and move with the other platen. When the molds are
opened, the pairs of tie bars are spaced from the opposite
platens and enable access to opposite sides of the mold stations.

Injection molding machines of the present invention may use
molds adapted for use in standard injection molding machines.
Such molds have a mold inlet for use with a standard injection
molding machine and one or more mold inlets positioned for use in
an injection molding machine of the present invention. Unused
mold inlets are plugged. The molds may be used on either type of
injection molding machine as needed and enables testing of molds
on a standard machine without loss of production on the improved

machine.
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Other objects and features of the invention will become
apparent as the description proceeds, especially when taken in
conjunction with the aécompanying drawings illustrating the
invention, of which there are thirteen sheets of £five
embodiments.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a partial sectional view of the side of a first

embodiment injection molding machine in accordance with the
present invention, showing the molds closed and the injection
units positioned against the molds;

Figure 2 is a top view of the injection molding machine
shown in Figure 1;

Figure 3 is a partial sectional view of the gside of thé
injection molding machine shown in Figure 1 with the molds
removed and the injection unit nozzles moved to purge areas;

Figure 4 is a view similar to Figure 1 but with the molds
partially opened; '

Figure 5 is a view similar to Figure 1 but with the molds
opened;

Figure 6 is a sectional view taken along line 6-6 in Figure
5;

Figure 7 is a sectional view taken along line 7-7 in Figure
5;

Figure 8 is a partial sectional view of the side of a second
embodiment injection molding wmachine in accordance with the
present invention, showing the molds opened and molded articles
in the molds;

Figure 9 is a partial sectional view of the side of a third
embodiment injection molding machine in accordance with the
present invention, showing the molds closed and the injection
units positioned against the molds;

Figure 10 is a view similar to Figure 9 but with the molds
opened;

Figure 11 is a partial sectional view of the side of a
fourth embodiment injection molding machine in accordance with
the present invention, showing the molds closed and the injection
units positioned against the molds;

Figure 12 is a generally vertical sectional view of a mold

half attached to a platen of a fifth embodiment injection molding
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machine in accordance with the presentAinvention, the mold half
having a mold inlet engaged by the nozzle of an injection unit;
and

Figure 13 is a view similar to Figure 12 but illustrates the
mold half attached to a platen of a standard injection molding
machine. '

MODES FOR CARRYING OUT INVENTION

Figures 1-7 illustrate a first embodiment injection molding
machine 10 in accordance with the present invention. Molding
machine 10 molds parts from a molten plastic resin. Other molding
materials, including powdered metal, powdered ceramic and the
like, may be used in all embodiments of the present invention.

The injection molding machine includes a frame 12 and a
clamping unit 14 mounted on the frame 12 for opening and closing
two separable molds 16, 18 along a horizontal axis. The clamping
unit 14 extends along the axis and defines a pair of axially
spaced mold stations 20, 22. The molds 16, 18 are mounted in the
mold stations 20, 22 respectively and define mold cavities 24, 26
when the mold halves are closed. A pair of 1like, laterally
spaced injection units 28, 30 are located beneath the clamping
unit 14. The injection unit 28 is associated with the mold
station 20 and injection unit 30 is associated with the mold
station 22 for injecting molten plastic into the mold in the
associated mold station. Multi-function ejector/opening devices
32, 34 mounted on the ends of the clamping unit 14 each include
an ejéctor 36 for ejecting molded articles from the opened molds
and an auxiliary drive 38 to assist the clamping unit 14 in
opening -and positioning the molds. '

The clamping unit 14Aincludes a pair of axially spaced end
platens 40, 42 located on opposite ends of the clamping unit 14
and a center platen 44 between the end platens 40 and 42. The
platens define the mold stations 20 and 22 between adjacent
platens. In each mold station 20, 22 the mold halves 1l6a, 16b and
18a, 18b are attached to the sides of the adjacent platens facing
the mold station. The attachment of the mold halves to the
platens is conventional. A conventional clamping device 46
clamps the platens while molten plastic is being injected into
the molds.



WO 02/22340 PCT/US01/26504
8

The end platen 42 is stationary and is fixed to the frame
12. The other end platen 40 and center platen 44 are each movably
supported on the frame 12 by a connection for axial wmovement
towards and away from the stationary platen 42 to close and open
the molds. The connection includes a pair of laterally spaced
platen rails 48 fixed on the frame that carry the platens 40,
44 .. EBach platen 40, 44 has a pair of legs 50 carried on
carriages 52 that ride on the platen rails 48. Bearing pads 53 on
the carriages 52 engage the top and sides of the platen rails 48
and guide the platens along the rails.

The end platen 40 is driveir by a conventional end platen
drive 54. The drive 54 includes a pair of diagonally opposed,
horizontal hydraulic cylinders 56 that extend from the stationary
end platen 42 to the movable end platen 40 along opposite sides
of the mold stations. The cylinders 56 are attached to the
outside of the stationary'piaten 42 énd have piston rods 58 with
free ends mounted on the outside of the end platen 40. Extension
and retraction of the piston rods 58 moves Ehe end platen 40
along the rails away from and towards the stationary platen 42.

The center platen 44 is driven independently of the end
platen 40 by a pair of hydraulic cylinders 60 that extend beneath
the mold station 22. The cylinders 60 are attached to the bottom
of the stationary platen 42. Piston rods 62 extend from the
cylinders 60 to free ends attached to the lower edge of the
center platen 44. o

The clamping device 46 is conventional and includes four
hydraulic clamping or pressure cylinders 64 mounted on the side
of the stationary platen 42 opposite the mold stations. The
pressure cylinders 64 generate the clamping force. Foux
horizontal tie bars 66 extend from the cylinders 64 and transmit
the clamping force to the platens. The tie bars 66 are mounted
on the corners of the stationary platen 42 and extend through tie
bar passages 68 formed in the center platen 44 to threaded or
grooved end portions 70. The center platén 44 can move along the
tie bars 66. When the molds are closed, the tie bars 66 extend
through tie bar passages 72 in the end platen 40. The threaded
end portions 70 of the tie bars 66 extend through locking units
74 attached to the side of the end platen 40 opposite the mold
stationg. The locking units 74 have opposed, movable split nuts
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76 that move from an unlocked position spaced from the tie bar
threads 70, see Figure 4, to a locked position intermeshed with
the tie bar threads 70 to lock the platen 40 to the tie bars as
gshown in Figure 1.

The like multi-function devices 32, 34 are mounted on the
sides of the end platens 40, 42 respectively facing away from the
mold statioms. Fach device 32, 34 is associated with the
adjacent mold station 20, 22. The ejector 36 included with each
device 32 or 34 actuates a conventional knock-out mechanism 78
housed in the mold half attached to the opposite gside of the
platen 40 or 42 mounting the ejector. The knock-out mechanism 78
includes a knock-out plate 80 facing the platen and a number of
knock-out pins 82 journaled in the mold half. The knock-out
plate 80 is movable towards the mold recess to extend the knock-
out pins 82 and push a molded article from the opened mold.

The ejector 36 has a number of horizontal ejector push rods
84 carried by an ejector plate 86. The ejector push rods 84
extend from the ejector plate and face the knock-out plate. The
ejector push rods 84 are individually journaled in throughbores
88 that extend through the platen 40 or 42. The size, number and
spacing'of the throughbores 88 is conventional and is compatible
with the knock-out mechanisms 78 in the mold halves. Not all the
bores 88 contain ejector pins. The ejector plate 86 is movable
from a retracted position shown in Figure 1 towards the adjacent
knock-out plate 80 by a hydraulic cylinder 90 attached to the
platen 40 or 42 by guide rods 91 that guide movement of the
ejector plate 86. When the ejector plate 86 is in its retracted
position, the ends of the ejector push rods 84 are in the platen
and spaced inwardly a predetermined distance from the adjacent
open end of the ejector rod throughbores.

The auxiliary drive 38 included with each multi-function
device 32, 34 shares the ejector plate and hydraulic cylinder of
the ejector. A number of horizontal mold push rods 92 are
carried on the ejector plaﬁe 86 and are journaled in otherwise
unused ejector bores 88. The mold push rods 92 are located in
bores 88 at the outer periphery of the platen 40 or 42 cleax of
the mold half. The mold push rods 92 are longer than the ejector
push rods 84 and extend completely through their associated
platen 40 or 42 to free ends facing outwardly extending stop
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blocks 96 attéched to the outside of the opposite mold halves.
When the ejector plate 86 is in’its retracted position and the
molds are closed, the free ends of the mold push rods 92 are
immediately adjacent the facing stop blocks 96. See Figure 2.

In other possible embodiments of the auxiliary drive, the
auxiliary drive can have a separate push rod plate and plate
drive. In yet other possible embodiments, the mold push rods may
each be a piston rod extending from an individual hydraulic
cylinder.

The mold halves 16b and 18a attached to the center platen 44
have a mold inlet 98 and 100 respectively for receiving molten
plastic. The mold inlets 98, 100 are located below the mold
stations on the lower ends of downwardly extending extensions of
the mold halves 16b, 18a. The mold inlets 98 and 100 are flow
connected to conventional feed systems or flow passages,
preferably a hot runner system 99 and a hot runner system 101
respectively, to flow the molten plastic from the mold inlets to
the mold cavities. The mold inlets 98, 100 are laterally spaced
apart and lie in a common horizontal plane.

Like injection units 28 and 30 are located on the same end
of the clamp unit adjacent the end platen 40. Each injection
unit 28, 30 extends along a longitudinal axis that lies in a
vertical plane pafallel with the horizontal axis and includes an
elongate supply barrel 104 which houses a conventional screw
extruder unit 105 (shown representationally in Figure 1). A
screw drive motor 102 is located adjacent the intake end of the
supply barrel 104 and a barrel head 106 is located on the
discharge end of the supply barrel 104.

A conventional discharge nozzle 108 is attached to each
respective barrel head 106. The nozzles 108 connect to the
associated mold inlets 98, 100 during the molding cycle to form a
flow connection from the injection unit 28, 30 to the hot runner
system 99, 101 respectively. The injection units 28, 30 are
laterally spaced from one another to laterally align the nozzles
108 and the mold inlets 98, 100.

Figure 1 illustrates both nozzles 108 in sealed engagement
with the associated mold inlets 98, 100. The screw drive motors
102 and intake ends of the supply barrels 104 are adjacent the
side of the end platen 40 facing away from the mold statiomns.
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The supply barrels extend below the platen 40 but do not extend
through the platen 40 to locate the nozzles 108 against the wold
inlets. Each supply barrel 104 is inclined from the horizontal
when the nozzle 108 engages its associated mold inlet, with the
discharge end of the supply barrel above its intake end and the
nozzle 108 spaced vertically above the intake end of its
associated supply barrel 104.

Each barrel head 106 includes a £flow channel 109 that
extends upwardly and away from the supply barrel 104 to a
discharge channel in the nozzle 108. The barrel heads 106
position the nozzle discharge channels horizontally when the
nozzles are engaged against the mold inlets. The nozzles 108
each connect with a horizontal inlet channel 114 in the facing
mold inlet 98 or 100 which flows into an upwardly extending mold
flow channel 116 (see Figure 4). The nozzles 108 and mold inlets
98,100 have conforming convex and concave bearing surfaces
respectively that press against each other and conventionally
seal the flow connection between them.

The nozzles 108 remain against the mold inlets 98, 100
throughout the entire molding cycle. The center platen 44 moves
along the platen rails 48 during the molding cycle. The
injection units 28, 30 are movably mounted on the frame 12 for
coordinated axial movement with the center platen 44 to maintain
the flow connections between the nozzles and the mold inlets.
The nozzles remain in horizontal and vertical alignment with the
mold inlets to maintain sealed flow connections.

The injection units 28, 30 are supported on injection tracks
formed from axial extensions 122 of the platen rails 48 away from
the end platen 40 and a common inner rail 124. The injection
rails 122, 124 support the injection units 28, 30 throughout
their conjoint movement with the center platen 44. The injection
units 28, 30 are mounted on like injection unit carriages 126
that move on the injection rails 122, 124 and have bearing pads
128 that engage the tops and sides of the injection rails 122,
124 and guide the carriages along the rails.

The injection units 28, 30 are independently driven by pairs
of hydraulic cylindeis 130, 132 respectively. The cylinders 130,
132 are located on opposite lateral sides of the supply barrels
104. Each pair of hydraulic cylinders 130 or 132 are attached to
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the frame 12 underneath its corresponding injection unit 28 or 30
and have piston rods 134, 136 respectively attached to its
corresponding unit. The cylinders 130, 132 are inclined from the
horizontal as shown. The pairs of cylinders 130, 132 can be
axially offset from each other as shown to .compensate for the
axial spacing between the mold inlets and enable use of like
cylinders 130, 132.

The injection rails 122, 124 extend a sufficient distance to
enable the nozzles 108 of the injection units 28, 30 to be moved
to a purge area 142 away from the center platen 44 for purging
molding material from the injection units or other maintenance.
The injection unit drive cylinders 130, 132 have a gsufficient
stroke to move the injection units 28, 30 to the purge area 142.

Figure 3 illustrates the injection units 28, 30 located in
the purge area 142. As shown, the nozzles 108 are no longer
vertically aligned with the mold inlets 98, 100 as during the
normal molding cycle. Instead, the nozzles 108 are spaced
vertically below the mold inlets 98, 100. The nozzles 108 are
'1owered when moved to the purge area 142 and are raised prior to
re-engaging the mold inlets.

Each injection wunit 28, 30 .is movably mounted on its
carriage 126 for raising and lowering a nozzle 108. The
injection unit 28 or 30 is rotatably mounted on a respective axle
144 for raising or 1ower;ng the nozzle 108. Each supply barrel
104 is supported on a barrel carriage 146 spaced away from the
associated axle 144. The end of the piston rods 134 or 136 are
pivotally attached to respective barrel carriage 146 of the
attached injection unit 28 or 30.

Fach barrel carriage 146 moves along its own axially
extending cam track beneath the clamping unit 14 formed from a
pair of laterally spaced cam rails 148 or 150. The barrel
carriages 146 have guide rollers 152 that engage the top and side
gurfaces of the cam rails 148 or 150 to guide the movement of the
barrel carriages on their respective cam rails.

Each pair of cam rails 148, 150 include horizontal upper and
lower sections 154 and 156 respectively connected by an inclined
gsection 158. The barrel carriages 146 are located on the
regspective upper cam sections 154 when the nozzles 108 are

engaged with mold inlets to maintain vertical alignment with the
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mold inlets. The barrel carriages are supported on the

respective lower rail section 156 when the injection unit 28 or
30 is in the purge area 142.

Operation of the injection molding machine 10 will now be
described by following one complete molding cycle, it being
understood that the machine operates continuously. The injection
molding machine 10 is operated by an automatic controller which
is responsive to signals received from a number of switches,
sensors, transducers and the ‘like on the machine. The controller
is conventional and is not illustrated.

The mold cavities defined by the molds 16, 18 may be of
conventional design and may be identical to those in molds
designed for standard injection molding machines. The molds 16,
18 close along coaxial, horizontal mold centerlines 16c, 18c. It
is not necessary that the molds 16, 18 form identical wmolded
parts. For illustration, the injection molding machine is shown
molding a deep container in mold cavity 24 of ‘mold 16 and a
relatively flat 1id for the container in mold cavity 26 of mold
i8.

bifferent molding material may be used in each mold 16, 18.
The container and 1id may be molded from different plastic resin
molding materials or may be molded in different colors. The
plastic resin for the mold in a work station is supplied to the
supply barrel 104of the injection unit 28 or 30 associated with
that work station 20 or 22. The injection units 28, 30 melt the
plastic resin and pressurize the molten plastic for injection
into the molds 16, 18 in a conventional manner.

Figure 1 illustrates the injection molding machine 10 while
molten plastic is being injected into the molds 16, 18 by the
injection units 28, 30 respectively. For clarity, the molten
plastic is not shown. Articles previously molded in the molds
have been removed. Both ejector drive hydraulic cylinders 90 of
the multi-function devices 32, 34 are retracted to retract both
gets of ejector push rods 84 and the mold push rods 92. The
clamping unit 14 is clamping the platens. The center platen 44
is pressing the closed mold 18 against the stationary end platen
42 and the movable end platen 40 is pressing the closed mold 16
against the center platen 44. '
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Each injection unit 28, 30 is positioned in an injection
position on the injection rails 122, 124, With. the Dbarrel
carriages 146 on the upper cam rail sections 154. The injection
units 28, 30 are spaced laterally on opposite sides of the mold
centerlines 16c, 18c. The curved bearing surfaces on the nozzles
108 and the mold inlets 98, 100 engage each other and form sealed
flow connections as previously described. At each mold station
pressurized molten plastic flows from the supply barrel 104,
upwardly through the discharge channel 110 and horizontally
through the nozzle 108 and the inlet channel 114. The molten
plastic then flows upwardly from the mold inlets through the feed
channels 109 of the hot runner systems 99 or 101 to £ill the mold
cavities 24 and 26.

The injection wunits 28, 30 operate in parallel and
simultaneously inject molten plastic into each mold. If desired,
the start of injection in one mold may be delayed so that the
cycle times of the two molds differ. The top and sides of the
mold stations 20, 22 are accessible and enable personnel or
equipment to visually monitor molding operations and look for
leaks and the like.

During injection the clamping device 46 applies a clamping
force to hold the molds closed. The end platen 40 is locked to
the tie bars 66. The pressure cylinders 64 are pressurized and
pull the tie bars 66 and the end platen 40 towards the stationary
platen 42 to apply a clamping force to the closed molds.

Both sides of the center platen 44 are compressed by the
clamping force. The forces oppose each other and so forces
tending to bend the center platen 44 are small. Because the
platen 44 does not have to resist substantial bending forces, the
platen 44 can be substantially thinner than either end platen 40
or 42 as shown.

After the mold cavities 24, 26 are filled, molten plastic
stops flowing into the molds 16, 18 and the injection units 28,
30 relieve the injection pressure. The pressure applied to the
pressure cylinders 64 is then released and the locking units 74
unlock to release the end platen 40 from the tie bars 66. The
molds 16, 18 remain closed for a predetermined time to enable the

cooling and solidifying of the plastic in the mold cavities.
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When the plastic has sufficiently cooled, the molds 16, 18
are opened to remove the molded articles. Figure 4 illustrates
the injection molding machine 10 during mold opening prior to the
molds 16, 18 being fully opened. For clarity, the articles being
- molded are not shown.

The hydraulic cylinders 56 and 60 attached to the end and
center platens 40 and 44 respectively act together and form a
mold opening and closing drive. The cylinders 56, 60 extend
simultaneously and move the platens 40, 44 along an opening
stroke along the tie bars and away from the stationary platen 42.
The end platen 40 is driven at a maximum speed and the center
platen 44 is driven at a slower speed to -open both molds 16, 18
simultaneously. The hydraulic cylinders 130, 132 attached to the
injection units 28, 30 also simultaneously extend and move the
injection units 28, 30 with the center platen 44. The barrel
carriages 146 travel on the upper cam rail sections 154 during
mold opening and closing to maintain alignment of the nozzles 108
with the mold inlets 98, 100. The injection units 28, 30 move at
the same speed as the center platen 44 and maintain the sealed
flow connection between the nozzles and the mold inlets.

Mold opening is resisted by adherence of the molded articles
to the mold cavities 24 'and 26. In particular, the opening
motion of the end platen 44 is resisted by adherence in both mold
cavities 24 and 26. The auxiliary drives 38 assist the mold
opening and closing drive in overcoming such adherence. The
auxiliary drives 38 are energized simultaneously with the mold
opening and closing drive. The ejector hydraulic cylinderxs 90
move the ejector plates 86 and push the mold push rods 92 against
the stop blocks 96. The mold push rods 92 apply an opening force
to the molds in addition to the opening force generated by the
mold opening and closing drive.

As the molds open, the hydraulic cylinders 90 of the multi-
function devices continue to extend and push the mold push rods
92 against the stop blocks 96 for a predetermined initial opening
distance. The ejector push rods 84 also move with the ejector
plates 86. However, the extension of the hydraulic cylinders 90
stop before the ejector push rods 84 engage the mold knock-out
plates 80. Figure 4 illustrates the clearance between the ends

of the ejector push rods 84 and the knock-out plates 80 when the
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extension of the hydraulic cylinders 90 is stopped. The stop
blocks 96 then separate from the mold push rods 92 as the molds
16, 18 continue to open during the opening stroke.

The ejectors 36 cooperate with a conventional take-out robot
(not shown) to remove articles from the mold stations 20, 22.
The robot has arms associated with each mold station 20, 22 to
grasp ejected articles and transfer the articles away from the
mold stations. The robot arms move: in position between the
opening mold halves 16a, 16b and 18a, 18b dhring the opening
stroke. The injection units 28; 30 and the hydraulic cylinders
60, 130 and 132 are located beneath the molds and do not obstruct
the robot arms. ‘

Each ejector hydraulic cylinder 90 resumes extending its
attached ejector plate 86 and set of ejector push rods 84 at the
appropriate point in the opening stroke to enable a robot arm to
grasp the ejected article. The ejector push rods 84 engage the
facing knock-out mechanism 78 and push the knock-out plate 80
towards the other mold half. The knock-out pins 82 are forced
against the article and eject the article from the mold half and
into the grasp of the robot arm in a conventional manner.

Figure 5 illustrates the platens 40 and 44 moved to their
opened positions at the end of the opening stroke and the molds
16, 18 fully opened. The end platen 40 is spaced away from the
tie bars 66. The injection units 28, 30 have moved with the
center platen 44 to open positions on the injection rails 122,
124. The barrel carriages 146 remain on the upper cam rail
sections 154 to maintain the sealed flow connections between
respective discharge nozzles 108 and mold inlets 98, 100.

The mold halves of each mold 16, 18 are separated by a
distance representing a mold opening stroke of each mold station.
The separation of the mold halves is sufficient to enable removal
of the articles from the molds. The hydraulic cylinders 56, 130
and 132 are extended and the robot arms have removed the articles
from between the separated mold halves. The ejector hydraulic
cylinders 90 have retracted and the knock-out mechanisms have
returned to their originai positions.

As shown in Figure 5, the mold halves 16a, 16b forming the
container must be separated a greater distance than the mold

halves 18a, 18b forming the 1lid to permit removal of the
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container. The platens 40, 44 are driven independently of each
other and so can be moved apart asg necessary to achieve the
required mold opening stroke for each mold station. The mold
opening strokes do not have to be identical or have a fixed
relationship and can be changed by the controller for each mold
station 20 or 22 to accommodate changes in the sgize of the
article being molded. This enables articles of gubstantially
different size to be simultaneously molded in the machine 10.

The ejector hydraulic cylinders 90 of the multi-function
devices retract when the molded articles are gripped by the robot
arms. The clamping unit 14 then closes the molds 16, 18 after
the articles are removed from the mold stations 20, 22. The end
and center platens 40, 44 are returned to their closed positions.

The closing speeds of the platens 40, 44 are coordinated to
simultaneously close the mold halves without mutual interference.
The injection units 28, 30 move with the center platen 44 to
maintain the sealed flow connection between the discharge nozzles
108 and mold inlets 98, 100 and return to their injection
positions shown in Figure 1.

After the molds are closed, the locking units 74 close and
the split nuts 76 re-mesh with the tie bar threads. The pressure
cylinders 64 are repressurized and apply a clamping force to the
molds. Molten plastic is again injected into the molds 16, 18
and the molding cycle repeats.

It may be desired to stop the closing of one or both molds
16, 18 temporarily when the mold halves are closely spaced from
each other. InAcompression injection molding, for example,
plastic 'or other molding material is injected into the mold
recesses of the stopped mold before the mold is closed. Closing
the mold then compresses the molding material within the mold
cavity.

The mold halves can be stopped a predetermined distance
apart by stopping one or both of the platens 40, 44 as needed.
The closing motion of the end platen 40 and the center platen 44
is coordinated by the controller to enable either mold station or
both to be stopped-when spaced apart for compression injection
molding.

The auxiliary drive 38 associated with the appropriate mold
station 20 or 22 assistsg the mold opening and closing drive in
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positioning the mold halves a ‘predetermined. distance apart.
Operation of the auxiliary drive 38 for compression molding in
the mold 16 is described, it being understood the operation of
the other auxiliary drive associated with mold 18 is identical.

The ejector hydraulic cylinder 90 of the multi-function
device 32 was extended as needed to eject the article from the
mold 16. Before the molds 16, 18 begin to close, the ejector
hydraulic cylinder 90 is partially retracted. The mold push rods
92 partially retract but extend outwardly an axial distance from
their fully retracted positions. The partially extended mold
push rods and the stop blocks 96 on the mold half 16b cooperate
to hold the mold halves 16a, 16b a predetermined distance apart.

As the mold halves 16a, 16b approach each other to close the
mold, the stop blocks 96 on the mold half 16b engages the
extended mold push rods 92 and the mold halves 1lé6a, 16b are held
apart by the mold push rods 92. The spacing between the mold
halves 16a, 16b can be changed by changing the retraction of the
hydraulic cylinder 90.

The open locking units 74 face the threaded portions 70 of
the tie bars 66 when the mold halves 16a, 16b are held apart. The
locking units 74 close and lock the end platen 40 on the tie bars
66 prior to injection of molten plastic. Molten plastic is then
injected into the partly open mold 16. While the molten plastic
is being injected, the pressure in the hydraulic cylinder 90 is
relieved and at the same time the pressure cylinders 64 are
repressurized. The tie bars 66 pull the end platen 40 towards
the stationary platen 42 and close and clamp the molds 16, 18.
The remainder of the molten plastic is then injected into the
closed mold 16 and the molding cycle is repeated.

The opened and closed positions of the movable platens 40
and 44 can be varied as needed to accommodate molds having
differing axial mold heights. This enables a mold in either mold
station 20, 22 to be replaced by a mold having a different mold
height. The controller can also adjust the closing positions of
the platens 40 and 44 to accommodate a change in mold height in
either mold station. The controller can also adjust the open
positions of the platens 40, 44 to accommodate a change in mold
opening stroke as discussed above.
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When purging, cleaning or maintaining the injection units

28, 30 or changing molds, the injection units are moved to the
purge ared 142. See Figure 3. As shown in the figure, the
barrel carriages 146 have ridden down the inclined cam rail
sections 158 and additional clearance around the mold stations
20, 22 for changing molds or other maintenance is provided.
Also, the center platen 44 can be independently moved towards
either end platen 40 or 42 to provide additional axial width in
either mold station 20 or 22 for mold maintenance or other tasks.
Cranes or other equipment can access the mold stations 20, 22
from the top and sides of the mold stations to support the molds
during installation or removal.

The end platen 40 is moved to an open position away from the
tie bars 66 as shown in Figure 4 prior to moving the injection
units 28, 30 to the purge area 142. The hydraulic cylinders 130,
132 are then extended to move the injection units 28, 30 from
their normal operating positions to the purge area. The barrel
carriages 146 on the upper rail sections 154 ride down the
inclined cam rail sections 158 and lower the nozzles 108 from the
mold inlets. Each barrel carriage 146 actg as a cam: follower
whose motion on the cam rails 150 automatically lowers the nozzle
108 when the injection unit 28 or 30 is moved to the purge area
142. Returning the injection units 28, 30 to reengage the mold
inlets 98, 100 causes the barrel carriages 146 to ride up on the
inclined sections 158 and automatically return the nozzles 108 to
vertical alignment with the mold inlets 98, 100.

The nozzles 108 point downwardly at a slight angle when the
nozzles 108 are in the'purge area 142. Molten plastic purged
from the injection units and emerging from the nozzles 108 do not
flow against the molds 16, 18 or their respective mold inlets.

When the injection units 28, 30 are moved from the purge
area 142 to reengage the nozzles 108 and mold inlets 98, 100, the
injection unit drive cylinders 130 and 132 each press the barrel
carriage 146 attached to the cylinder downwardly against the
upper rail sections 154. The barrel carriageé 146 are held
firmly against the upper rail sections 154 to assure the nozzles
108 are properly aligned with the mold inlets 98, 100 for
engagement. The barrel carriages 146 are located near the

discharge end of the supply barrels 104 so that deformation of
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the supply barrels by thermal expansion, gravity, and the like
does not substantially affect the alignment of the nozzles 108
with the mold inlets.

Figure 8 illustrates a second embodiment injection molding
machine 210 sgimilar to injection molding machine 10. The
injection molding machine 210 has a clamping unit 212 Ilike
clamping unit 14, with two mold stations 214, 216 and molds 218
and 220 in the mold stations. The mold 218 is like the mold 16,
with the mold half 218b having a mold inlet 222 attached to the
center platen 224. The other mold 220 has a mold inlet 226 on
the mold half 220b attached to the stationary platen 228. Both
wold inlets 222, 226 face away from the stationary platen 228 and
towards their associated injection unit 230 or 232 respectively.

The injection unit 230 associated with the mold station 214
is driven by hydraulic cylinders 234 and moves with the center
platen 224 like the injection unit 28 of the machine 10. Because
the mold half 220b is stationary, the other injection unit 232
remaing stationary for the entire molding cycle. The hydraulic
cylinders 236 attached to the injection unit 232 moves the
injection unit 232 to and from the purge area 238. If a mold
like mold 18 replaces the mold 220, the injection unit 232 can
operate like the injection unit 30.

Figures 9 and 10 illustrate a third embodiment injection
molding machine 310. The injection molding machine 310 has a
clamping unit 312 with two mold stations 314, 316 and molds 318
and 320 in the mold stations. FEach mold station 314, 316 has an
injection unit 322, 324 respectively associated with the mold
station.  The injection units 322 and 324 are located on opposite
ends of the clamping unit 312 adjacent their associated mold
stationg 314, 316 respectively. The injection units 322, 324
directly oppose each other with the longitudinal axes of the
injection units in a common plane. In other possible embodiments
the longitudinal axes of the injection units may be laterally
offset from each other.

The clamping unit 312 has a common stationary platen 326
between a pair of movable end platens 328, 330. The end platens
328, 330 are independently movable towards and away the
stationary platen 326 to close and open the molds 318, 320. The
mold halves 318b and 320a attached to the stationary platen 326
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each include a mold inlet 332 and 334 respectively similar to a
mold inlets 98 or 100 of the machine 10. The mold inlets 332,
334 face away from the stationary platen 326 and towards a nozzle
of an injection unit 336 or 338 associated with the respective
mold half.

The clamping unit 312 includes a clamping device having two
pairs of diagonally opposed tie bars 338 and 340 that pass
through throughbores located in the corners of the stationary
platen 326. One pair of tie bars 338 are mounted on the end
platen 328 and move with the end platen 328. The other pair of
tie bars 340 are mounted on the other end platen 330 and move
with the end platen 330. The tie bars 338 extend from pressure
cylinders 342 to threaded free ends 344 between the end platens.
The tie bars 340 extend from pressure cylinders 346 to threaded
free ends 348 between the.end platens. When the molds are
closed, the threaded ends 344 and 348 extend through the opposite
end platen 330 or 328 and extend through like locking units 350,
each unit like locking unit 74, mounted on the end platens.

The end platen 328 is driven by a pair of diagonally
opposed, horizontal hydraulic cylinders 352 that extend between
the stationary platen 326 and the end platen 328. The hydraulic
cylinders 352 are aligned with the tie bars 338 and are attached
to the outer edges of the platens 326, 328 as shown. The other
end platen 330 is driven by a similar pair of diagonally opposed
hydraulic cylinders 354 that extend from the stationary platen
326 to the end platen 330. Opening a mold is resisted only by
the adherence of the article in that mold and so auxiliary drives
are not necessary. Such auxiliary drives could be included in
embodiments similar to injeétion molding machine 310 if desired.

In operation, the nozzles press against the mold inlets 332,
334 to form sealed flow connections between the nozzles and the
mold inlets. The mold inlets 332, 334 are stationary during the
entire molding cycle and so both injection units 322, 324 remain
stationary during the normal molding cycle. The hydraulic
cylinders 356, 358 attached to the injection units 322, 324 drive
the injection units to the purge areas 360, 362. '

Each mold 318, 320 is independently opened OT closed by
moving the end platen 328 or 330 adjacent the mold. It is not
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necessary to coordinate simultaneous movement of two platens to
open and close the molds. ' '

When the molds 318, 320 are opened, each pair of tie bars
338, 340 extend only across the mold station adjacent the end
platen 328 or 330 carrying the tie bars and do not extend to the
other mold station. The free ends of the tie bars 338, 340 are
in or near the stationary platen 326, see Figure 10. Opposite
gides of the two mold stations 314, 316 are effectively clear of
the tie bars for improved access to the opened mold stations 314,
316 by robot'arms or cranes.

Figure 11 illustrates a fourth embodiment injection molding
machine 410. Machine 410 has a clamping unit 412 similar to the
clamping unit in machine 310 but includes two movable center
platens 414 and 416 located between the stationary platen 418 and
either end platen 420, 422. The platens define four axially
aligned mold statiomns, with a pair of mold stations 424, 426 on
one side of the stationary platen 418 and another pair of mold
stations 428, 430 on the other side of the stationary platen 418.
Molds are shown in the mold stations, with the mold halves
attached to the center platens 414, 416 having mold inlets that
face away from the stationary platen 418. Four injection units
are each associated with a different mold station and are
arranged in pairs 432, 434 and 436, 438 at opposite ends of the
clamping unit. The molding machine 410 is in effect
substantially egquivalent toO placing two injection molding
machines 10 back to back, the back-to-back machines sharing a
common stationary platen.

The center platens 414, 416 are driven axially towards and
away the stationary platen 418 and along the tie bars by sets of
laterally spaced hydraulic cylinders 440, 442 respectively that
extend from the stationary platen 418 to the center platens 414,
416 respectively. Each set of hydraulic cylinders 440, 442
includes a first pair of laterally spaced cylinders above the
mold station and a second pair of laterally spaced cylinders
below the mold station. The pairs of molds 424, 426 and 428, 430
are independently opened and closed by coordinated movement of
the end platens 420, 422 and center platens 414, 416, similar to
the movement of the end platen 40 and center platen 44 as
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described for injection molding machine 10. Each of the four
molds can have different opening strokes.

Both sides of the center platens 414, 416 and the stationary
platen 418 mount mold halves and are not available for wmounting a
multi-function device. The molds in the interior mold stations
426, 428 must include conventional in-mold ejector systems (not
shown) to eject molded articles.

The illustrated embodiments include one injection unit
agsociated with each mold station. In other possible embodiments
of the present invention, additional injection units may be
associated with a mold station. For example, an injection
molding machine similar to machine 310 has three injection units
associated with its two mold stations.A The three injection units
are used for multi-component molding of articles, such as molding
articles having three differently colored portioms. Each mold
half containg a separate hot runner system for each color. Each
hot runner system has its own mold inlet associated with one
injection unit. _ '

h It is also not necessary that all the injection units in a
machine or all the injection units associated with a molding
station be identical. Different sgizes or types of injection
unite can be used depending on the type of molding material being
injected, the amount of molding material injected per molding
cycle, and other factors.

In yet other possible embodiments of the present invention,
the injection rails and upper rail sections associated with of
one or more injection units extend to another mold station to
enable an injection unit associated with one mold station to be
borrowed and temporarily used with a mwold in the other mold
station. For example, a mold half for use in the machine
described immediately above may have four hot runner systems to
mold a four-color article. The fourth hot runner system includes
an inlet positioned to engage an injection unit associated with
the other mold station. During the molding cycle an injection
unit would be borrowed from the other mold station and remain
engaged with the fourth inlet throughout the molding cycle and
inject molding material of the fourth color.

Figure 12 illustrates a fifth embodiment injection molding

machine of the present invention having a mold half 510. The
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‘mold half 510 forms part of a mold suitable for use in either
improved injection molding machines of the present invention or
in standard injection molding machines. The mold half 510 has a
hot runner system 512 that feeds mold cavities partially defined
by a pair of recesses 514. Separate standard and auxiliary mold
inlets 516 and 518 respectively are arranged to flow molding
material into the hot runner system 512. The standard inlet 516
is used with a standard injection molding machine and is
positioned on one side of the mold half 510 in a conventional
manner to engage the injection unit of the standard machine. The
auxiliary inlet 518 is used with an injection molding machine of
the pregent invention and is located on the mold half 510 to face
a injection unit of such a machine. The inlets 516, 518 are each
in communication with a common channel 520 of the hot runner
system 512 to independently feed molding material to the mold
recesses. ,

One mold inlet 516 or 518 is closed by a removable solid
plug 522 and the other mold inlet 518 or 516 has an inlet formed
in a removable inlet body 526. The plug 522 and inlet body 526
can be swapped between the mold inlets to open and close the
inlets as needed. Each mold inlet 516, 518 extends inwardly to a
reduced diameter, threaded neck 528, 530 for wmounting a plué 522
or inlet body 526 in either mold inlet. The plug 522 has a
threaded body that mounts the plug in the inlet neck and closes
the mold inlet. The mold inlet formed on the inlet body 526 has
a convex bearing surface 532 like the bearing surface 116 and a
through flow channel 534 that communicates the mold inlet with
the channel 520. The end of the inlet body 526 is threaded like
the plug 522 for mounting the inlet body 526 in an inlet neck 528
or 530. )

Figure 12 shows the mold half 510 attached to the platen 536
of an injection molding machine similar to the injection molding
machine 10. The platen 536 includes a conventional locating ring
538 mounted in a center throughbore 540. The locating ring 538
surrounds the standard mold inlet 516 as shown. The plug 522 is
mounted in the standard inlet neck 528 and closes the inlet 516.
The inlet body 526 is mounted in the auxiliary inlet neck 530 for
engagement of the mold inlet with a discharge port 542 of an
injection unit as show in the figure.
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Figure 13 shows the mold half 510 attached to the platen 544
of a standard injection molding machine. The plug 522 and inlet
body 526 are swapped to open the standard mold inlet 516 and
close the auxiliary mold inlet 518. The mold inlet on the inlet
body 526 is shown engaged with a discharge port 546 a standard
injection molding machine.

In this embodiment the standard inlet 516 and the auxiliary
inlet 518 are located on opposite sides of the mold half 510. In
other embodiments the auxiliary inlet 518 may be located on the
same side of the mold half 510 as the standard irlet 516 or
elsewhere. - Additional auxiliary inlets could be provided to
enable engagement with injection units facing either side of the
mold half. '

In other possible embodiments of the present invention a
nozzle may engage an inlet formed on or in a platen itself. Such
a platen may include a flow passage that communicates the inlet
with a flow inlet on the mold half attached to the platen. In yet
other possible embodiments of the present invention the movable
platens, injection units and locking units may be driven all or
in part by electric motors.

While I have illustrated and described preferred embodiments
of my invention, it is understood that these are capable of
modification, and I therefore do not wish to be limited to the
precise details set forth, but desire to avail myself of such
changes and alterations as fall within the purview of the

following claims.
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CLAIMS

1. An injection molding machine comprising a frame having a
support surface; a clamping unit supported by the support surface
and having a first mold station, the frame being configured to
space the mold station abové the support surface; the clamping
unit including first and second platens defining and facing the
mold station, a fipst connection mounting the platens on the
frame for relative motion along a horizontal axis towards and
away from each other for opening and closing the mold station, a
mold opening and closing drive. operatively connected to the
platens to open and close the mold station, and a clamping device
to apply a clamping force to the platens when the mold station is
closed; a first mold ih the mold station, the first mold
including first and second mold halves defining a mold cavity
when the mold station is closed, the first mold half mounted to
the first platen and the second mold half mounted to the second
platen; a first inlet located on one mold half or the platen
mounting the oﬁe mold half, and one or more first flow passages
for flowing molding material from the inlet into the mold cavity;
a first injection unit having a discharge nozzle, the nozzle
~ engageable with the first inlet for forming a flow connection
between the first injection unit and the one or more first flow
passages;

wherein the nozzle is spaced vertically below the first mold
station when engaged with the first inlet.

2. The injection molding machine of claim 1 wherein the
first injection unit is under at least one platen.

3. The injection molding machine of any of the preceding
claims wherein the first platen is axially movable along the
frame to open and close the first mold station;

the first inlet is on the first platen or the first mold
half;

the first injection unit is movably mounted on the frame for
movement parallel to the horizontal axis;

and the injection molding machine comprises a second

connection between the nozzle and the first inlet to maintain the
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flow connection therebetween during the opening and closing of
the first mold station.

4. The injection molding machine of claim 3 wherein the
second connection comprises an injection unit drive that moves
the first injection unit along a mold opening and closing stroke.

5. The injection molding machine of claim 4 wherein the
injection unit drive has a sufficient stroke to move the nozzle
to a purge area spaced away from the first inlet when the first
mold station is opened.

6. The injection molding machine as in any of claims 3-5
wherein the first injection unit is movable to a purge area away
from the first mold station and the nozzle is lowered when the
first injection unit is moved to the purge area.

7. The injection molding machine as in claims 1 or 2
wherein the clamping unit comprises a third platen, the first and
second platens on one éide of the third platen, the second and
third platens facing and defining a second mold station, the
first connection mounting the third platen on the frame for
relative motion along the horizontal axis towards and away the
second platen to open and close the second mold station, one of
the second and third platens being a statibnary platen, the mold
opening and closing drive operatively connected to the third
platen to open and close the second mold station, and the
clamping device applies clamping force to the platens When the
mold stations are closed;

the injection molding machiné further comprising a second:
mold in the second mold station, the second mold including first
and second mold halves defining a second mold cavity when the
second mold station is closed, the first mold half of the second
mold attached to the third piaten and the second mold half of the
second mold attached to the second platen; the first inlet being
on the second platen; one or more second flow passages for
flowing molding material from the first inlet into the second
mold cavity; and a second connection the nozzle and the first
inlet to maintain the flow connection between the nozzle and the
first inlet during opening and closing of the first and second

mold stations.



WO 02/22340 PCT/US01/26504
28

8. The injection molding machine of claim 1 or 2 wherein
the clamping unit includes a third platen, the first and second
platens on one side of the third platen, the second and third
platens facing and defining a second mold station, the first
connection mounting the third platen on the frame for relative
motion along the horizontal axis towards and away the second
platen to open and close the second mold station, the mold
opening and closing drive operatively connected to the third
platen to open and close the second mold station, and the
clamping device applies clamping force to the platens when the
mold stations are closed; a second mold in the second mold
station, the second mold including first and second mold halves
defining a second mold cavity when the second mold station is
closed, the first mold half of the second mold attached to the
third platen and the second mold half of the second mold attached
to the second platen; a second inlet located on one mold half of
the second mold or the second or third platen mounting such mold
half, and one or more second flow passages for flowing molding
material from the second inlet into the second mold cavity; a
gsecond injection unit having a discharge nozzle, the nozzle
engageable with the second inlet for forming a flow connection
between the second injection unit and the one or more second flow
passages; and , | ,

the nozzle of the second injection unit is spaced vertically
below the second mold station when the nozzle is engaged with the
second inlet.

9. The injection molding machine of claim 8 wherein the
second platen is a stationary platen and the first and third
platens are movable along the frame towards and away from the
second platen. ,

10. The injection molding machine of claim 9 wherein the
clamping device comprises first and second tie bars, the first
tie bar having a first end portion fixed to the first platen and
extending to an opposite free second end portion, the second tie
. bar having a first end portion fixed to the third platen and
extending to an opposite free second end portion, the free end
portion of each tie bar extending into an individual thrdughbore

in the second platen when the mold stations are open whereby the
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second platen supports the free end portions of the first and
second tie bars.

11. The injection mdlding machine of claim 10 wherein the
clamping device comprises third and fourth tie bars, the third
tie bare having a first end portion fixed to the first platen and
extending to an oppbsite free second end portion, the fourth tie
bar having a first end portion fixed to the third platen and
extending to an opposite free second end portion,‘the free end
portion of each of the third and fourth tie bars each extending
into an individual throughbore in the second platen when the mold
stations are open whereby the second platen supports the free end
portions of the third and fourth tie bars.

12. The injection molding machine of claim 9 wherein the
first inlet is on one of: the second mold half of the first mold
or the second platen,tand the second inlet is on one of: the
second mold half of the second mold or the second platen whereby
the inlets are stationary during opening and closing of the mold
stations. _

13. The injection molding machine of claim 12 wherein each
injection unit is movable for moving its respective nozzle to a
purge area away from the mold station associated with the
injection unit.

14. The injection molding machine of claim 8 wherein the
third platen is a stationary platen and each of the first and
second platens are movable along the frame towards and away the
third platen.

15. The injection molding machine of claim 14 wherein the
first inlet is on one of: the second mold half of the first mold
or the second platen, and the second inlet is on one of the
second mold half of the second mold or the second platen whereby
the inlets are move with the second platen during opehing and
closing of the mold stations; and

each injection unit is movably mounted on the frame to
maintain the flow connection between the nozzle of the injection
unit and the inlet associated with the injection unit during
opening and closing of the mold stations.

16. The injection molding machine of claim 14 wherein the
first inlet is on one of: the second mold half of the first mold

or the second platen, and the second inlet is on one of the first
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mold half of the second mold or the third platen whereby the
first inlet_moves with the second platen and the second inlet is
stationary during opening and closing of the mold stations; and

the first injection unit is movably mounted on the frame to
maintain the flow connection between the nozzle of the first
injection unit and the first inlet during opening and closing of
the mold stations.

17. The injection molding machine as in either claim 15 or
claim 16 wherein each injection unit is movable to a purge area
away from the mold station associated with the injection unit.

18. The injection molding machine as of any of the claims
7-17 further comprising one or more additional platens and one or
more additional injection units, the first, second and third
platens on a side of each additional platen, each additional
platen facing an adjacent platen to define an additional mold
station between itself and the adjacent platen, an additional
mold in each additional mold station and an additional inlet on
each additional mold or additional platen to flow molding
material into the additional mold, each additional injection unit
engageable with a respective additional inlet to flow molding
material into the inlet.

19. The injection molding machine as in any of the claims
1-18 further comprising an additioﬁal injection unit and an
additional inlet for flowing molding material from the inlet into
one of the molds, the additional injection unit engageable with
the additional inlet for flowing molding material from the
additional injection unit into the one mold.

20.- The injection molding machine as in any of the claims
7-19 wherein each platen has a horizontal thickness and the
thickness of the second platen is less than the thickness of at
least one of the first and third platens.

21. The injection molding machine as in any of the
preceding claims whérein each injection unit extends from one
gide of a platen to the other side of the platen without passing
through the platen. h

22. The injection molding machine as in any of the

preceding claims wherein each mold includes a hot runner system.
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23. The injection molding machine as in any of the
preceding claims wherein molding material flows upwardly £rom

each inlet to the mold cavity.
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