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COMPRESSION MOLDING MACHINE

The present disclosure is directed to a machine for molding plastic articles, such

as closure shells or sealing liners within closure shells.

Background and Summary of the Disclosure

Machines for compression molding closure shells, or compression molding
sealing liners within closure shells, typically include a turret or carousel that rotates around a
vertical axis. A plurality of molds are provided around the periphery of the carousel, in the form
of male and female mold sections that are aligned along vertical axes parallel to the axis of
rotation. Cams drive one or both of the mold sections of each pair between an open position, in
which a molded part is stripped from the male mold section and a charge of plastic material is
placed in the female mold section, and a closed position in which the male and female mold
sections are brought together to compression mold the shell or liner. In a liner machine, premade
shells are placed in a nest when the mold sections are open, and a charge or pellet of liner
material is placed within the shell before the molds are closed. U.S. Patents that illustrate
machines of this type for compression molding plastic closure shells include 5,670,100,
5,989,007, 6,074,583 and 6,478,568. U.S. Patents that illustrate machines of this type for
compression molding sealing liners within closure shells include 5,451,360.

The present disclosure involves a number of aspects that can be implemented
separately from or in combination with each other.

A compression molding machine in accordance with a first aspect of the present
disclosure includes a wheel mounted for rotation around a horizontal axis and a plurality of

angularly spaced molds disposed around the wheel. Each of the molds includes a first mold
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segment and a second mold segment disposed radially outwardly of the first mold segment. Each
of the second mold segments is movable by a cam radially with respect to the associated first
mold segment between a radially inner closed position with the first' mold segment for
compression molding a plastic article, and a radially outer open position spaced from the
associated first mold segment for removing a molded article from the mold and placing a mold
charge into the mold.

In preferred embodiments of the disclosure, the cam includes a first cam portion
for engaging the second mold segments in sequence and moving the second mold segments from
the closed position to the open position, and a second cam portion positioned downstream of the
first cam portion (with respect to the direction of wheel rotation) for moving the second mold
segments in sequence from the open position to the closed position. In some presently preferred
embodiments, a cam displacement wheel is disposed adjacent to the second cam portion, such
as by being rotatably mounted on the second cam portion, for moving the second mold segments
toward the closed position. The cam displacement wheel rapidly moves the second mold
segments from the open position toward the closed position.

In another aspect of the disclosure, the second cam portion may be movably
mounted with respect to the first cam portion, preferably by being pivotally mounted at the
downstream end of the first cam portion. The second cam portion in this aspect of the disclosure
preferably is coupled to a spring-biased latch for release in the event of excess force applied to
the second cam portion by the cam followers on the second mold segments.

A machine for compression molding plastic articles, in accordance with a further
aspect of the disclosure, includes an array of compression molds mounted on a support (such as
a vertical or horizontal mold wheel) for movement through a defined mold path. A cam is

disposed adjacent to the support to engage the molds in sequence and move at least one segment
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of each mold between open and closed positions. The cam has a first portion for opening the
molds, a second portion for closing the molds in sequence, and a pivot mounting the second cam
portion to the first cam portion. A latch holds the second cam portion in a first position for
closing the rﬁolds in sequence, and is responsive to excess force on the second cam portion to
release said second cam portion to pivot to a second position spaced from fhe path.

A machine for molding plastic articles, in accordance with yet another aspect of
the disclosure, includes at least one mold carried by a movable support, such as a vertical or
horizontal mold wheel. The mold includes at least one mold segment that is movable between
open and closed positions. At least one cam is disposed adjacent to the support for engaging the
at least one mold segment. The at least one cam includes a first cam portion for moving the mold
segment to an open position, a second cam portion for moving the mold segment to a closed
position, and a cam displacement wheel disposed adjacent to the first and second cam portions
for displacing the mold segment from the first cam portion onto the second cam portion. The
cam displac‘ement wheel preferably is mounted for rotation in synchronism with motion of the
support, most preferably at constant velocity. The at least one mold segment preferably has a
cam follower for engaging the first and second cam portions in sequence, and the cam
displacement wheel has at least one arm for engaging the cam follower on the first cam portion
and displacing the cam follower onto the second cam portion.

A machine for handling articles (e.g., molding plastic articles), in accordance with
a further aspect of the disclosure, includes at least one tool (e.g., a mold) carried by a movable
support, such as a vertical or horizontal mold wheel. The tool includes at least one tool segment
that is movable between first and second (e.g., open and closed) positions. At least one cam is
disposed adjacent to the support for engaging the at least one tool segment. The at least one cam

includes a first cam portion for moving the tool segment to an open position, a second cam
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portion for moving the tool segment to a closed position, and a cam displacement wheel disposed
adjacent to the first and second cam portions for displacing the tool segment from the first cam
portion onto the second cam portion. The cam displacement wheel preferably is mounted for
rotation in synchronism with motion of the support, most preferably at constant velocity. The
at least one tool segment preferably has a cam follower for engaging the first and second cam
portions in sequence, and the cam displacement wheel has at least one arm for engaging the cam

follower on the first cam portion and displacing the cam follower onto the second cam portion.

Brief Description of the Drawings

The disclosure, together with additional objects, features, advantages and asp.ects
thereof, will best be understood from the following description, the appended claims and the
accompanying drawings, in which:

FIG. 1 is a front elevational view of a compression molding machine in
accordance with one presently preferred embodiment of the disclosure;

FIG. 2 is a side elevational view of the compression molding machine illustrated

in FIG. 1;

FIG. 2A is an enlargement of a portion of FIG. 2;

FIGS. 3A-3D together form a sectional view taken substantially along the line 3-3
in FIG. 2;

FIG. 4 is a fragmentary front elevational view of a modification to the machine
of FIG. 2;

FIG. 4A is a fragmentary sectional view taken substantially along the line 4A-4A
in FIG. 4;
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FIGS. 5A-5C are schematic diagrams that illustrate sequential stages of operation
of the embodiments of FIG. 4; and
FIG. 6 is a fragmentary front elevational view of a modification of the

embodiment of FIG. 4.

Detailed Description of Preferred Embodiments

FIGS. 1-2 illustrate a machine 20 for compression molding plastic closure shells.
Machine 20 includes a wheel 22 mounted on a shaft 24 between spaced supports 26. Shaft 24
is coupled by a pulley 30 and a belt 32 to a motor for rotating shaft 24 and wheel 22 around a
horizontal axis. Wheel 22 includes a hub 37 (which may be part of shaft 24) and a support 39
extending radially from hub 37. Support 39 may comprise a disk or the like, or may be in the
form of a plurality of angularly spaced radially extending support spokes 38. Each support spoke
38is hollow at its outer end. A rod 40 is slidably supported by sleeve bearings 42 (FIGS. 3B-3C)
within the hollow outer end of each spoke 38. A crossbar 50 is coupled to the end of each rod
40, so that the combination of rod 40 and bar 50 is generally T-shaped as viewed from the
tangential direction in FIG. 1. A pair of radially spaced external supports 44, 46 (FIGS. 3B-3C)
are provided on each spoke 38. A plurality of angularly spaced molds 52 are disposed around
the periphery of wheel 22, preferably on both sides of the wheel. Each mold 52 is disposed
between supports 44, 46 on an associated spoke 38 and an end of crossbar 50 onrod 40. All of
the molds 52 preferably are identical.

Each mold 52 includes a radially inner first mold section or segment 54 and a
second mold section or segment 56 in radially outward alignment with an associated first mold
segment 54 (FIGS. 3B-3C). In the illustrated embodiments, the radially inner first mold segment

54 is a male mold segment, and the radially outer second mold segment 56 is a female mold
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segment, although these mold segments could be reversed in accordance with the broadest
principles of the disclosure. First or male mold segment 54 includes a mold core 58 slidably
mounted within a surrounding sleeve 60. Mold core 58 has an end or tip 62 contoured for
compression molding the inside surfaces of a closure shell. A first or outer tube 64 extends
coaxially through the hollow interior of mold core 58 forming a first annular passage between
the exterior surface of tube 64 and the interior surface of core 58. A second tube or other passage
66 extends through the interior of tube 64, preferably coaxially with tube 64 and core 58, forming
a second annular passage between the exterior surface of tube 66 and the interior surface of tube
64. The second annular passage between tubes 64, 66 is coupled at a manifold block 68 to a
coolant inlet fitting 70. Likewise, the first annular passage between tube 64 and core 58 is
coupled at manifold block 68 to a coolant outlet fitting 72. (The “inlet” and “outlet” functions
can be reversed.) Thus, coolant can be fed from fitting 70 through the second passage between
tubes 64,66 to the tip 62 of core 58, and thence through the first passage between tube 64 and
core 58 to outlet fitting 72. An inlet 74 on manifold block 68 is coupled to the interior of tube
66, and can be connected to a source of compressed air for example to assist stripping of closure
shells from core tip 62. Manifold block 68 preferably is mounted on the radially inner end of
mold core 58 - i.e., the end opposite from core tip 62.

A stripper sleeve 76 (FIG. 3B) surrounds sleeve 60 and is slidably supported by
a bearing 78 within support 46. A cap 80 is secured to support 46, and a coil spring 82 is
captured in compression between cap 80 and a washer 84 slidably disposed within support 46
in abutment with the inner end of stripper sleeve 76. Thus, spring 82 biases stripper sleeve 76
toward the second or female mold segment 56 of each mold 52. When the mold is open, washer
84 abuts a surface 85 within support 46 to limit outward movement of stripper sleeve 76 over

core 58. A second coil spring 86 (FIG. 3C) is captured in compression between manifold block
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68 and an abutment 88 cdupled to the end of sleeve 60. Thus, core 58 is biased by spring 86
inwardly against sleeve 60. Each support 44 (FIG. 3C) has an interior pocket 90 that opens
radially outwardly toward and in alignment with the associated first mold segment 54. A coil
spring 92 is captured in compression within each pocket 90 and engages an extension 94 coupled
to an abutment 88 on sleeve 60. Thus, as pressure to form the closure shell or liner pushes on
core 56, core 56 pushes against sleeve 60, which pushes against spring 92 to maintain forming
pressure on the melt. (Coil springs 92 can be replaced by fluid springs.) Within pocket 90,
spring 92 engages a plate 96 that is coupled to an adjustment screw 98 for individually adjusting
the force applied by each spring 92.

Second or female mold segment 56 (FIG. 3B) preferably includes a cavity-forming
insert 100 having an extension 101 that receives a screw 103 removably to mount the insert on
a support block 102. Blocks 102 are removably mounted on crossbar 50 by screws 105 (FIGS.
3B and 4B). Block 102 has coolant passages 106 that communicate in the illustrated
embodiment with lateral passages 108,110 in crossbar 50, and thence to longitudinal radial
passages 112,114 inrod 40. As best seen in FIG. 3D, passages 112,114 in rod 40 are connected
to fittings 116,118 for circulation of coolant through rod 40, crossbar 50 and block 102 to cool
mold cavity inserts 100. It will be noted in FIG. 3D that fittings 116,118 extend through a slot
120 in spoke 38 to permit radial movement of rod 40 with respect to spoke 38.

A cam follower roller 122 (FIGS. 1, 2 and 3A) is rotatably mounted on a leg 124
that extends radially outwardly from crossbar 50. (Directional words such as “radially,”
“laterally,” “outwardly,” “inwardly” and “tangentially” are employed by way of description and
not limitation with respect to the horizontal axis of rotation of the wheel.) Leg 124 is offset from
the axis of rod 40 on which crossbar 50 is mounted so that cam follower roller 122 is aligned

with the axis of rod 40. Each cam follower roller 122 on each crossbar 50 thus is associated, in
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the illustrated exemplary embodiment, with two molds 52 located on opposite sides of wheel 22.
A cam 126 preferably is disposed along the lower arc of the periphery of wheel 22, as best seen
in FIGS. 2 and 2A, for engaging cam follower rollers 122 in sequence as wheel 22 rotates around
its horiiontal axis. During counterclockwise rotation of wheel 22, in the orientation of FIG. 2,
follower rollers 122 of each pair of molds 52 in sequence are engaged and captured by cam 126
to pull second mold segments 56 outwardly and downwardly away from first mold segments 54.
When each mold in turn is fully open, molded parts or articles are removed from the mold
cavities by a suitable part removal apparatus 128 (FIG: 1). A new mold charge is then placed
within each mold cavity by a suitable charge placement apparatus 130. As wheel 22 continues
rotation, second mold segments 56 in sequence are moved upwardly and inwardly to their closed -
positions with respect to first mold segments 54 by the counterclockwise end of cam 126, again
in the orientation of FIG. 2. Each spoke 38 preferably carries a latch 132 for locking the miold
sections to each other in the fully closed position so that there is no need for cam 126 to extend
entirely around the periphery of wheel 22.

Molded article removal apparatus 128 and mold charge placement apparatus 130
may be of any suitable types. For example, mold charge placement apparatus 130 may be a disk-
type apparatus of the type illustrated in U.S. Patent 5,603,964. The foregoing discussion in
connection with FIGS. 1-3D, and particularly FIGS. 3A-3D, is provided by way of an exemplary
environment for disclosure of cam 126 and modifications.

Cam 126 may comprise a single solid cam structure, but preferably includes an
over-pressure release as shown in FIGS. 2 and 2A. In the embodiment of FIGS. 2 and 2A, cam
126 includes a first or upstream cam portion 180 (with respect to the direction of wheel rotation).
First cam portion 180 preferably is mounted in fixed position on a machine bed 184. A second

or downstream cam portion 182 is movably mounted, preferably pivotally mounted by a pin 186
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to the downstream end of first cam portion 180. First cam portion 180 has a cam surface 188 that
increases in radius with respect to the axis of rotation of wheel 22 for opening the molds in
sequence, while second cam portion 182 has a cam surface 190 of decreasing radius with respect
to the wheel axis for engagement by rollers 122 to close the molds in sequence.

Second cam portion 182 preferably is held in position by a releasable latch 200
that opens in the event of excessive force on cam portion 182. Latch 200 preferably includes a
latch arm 202 pivotally operatively coupled at one end to machine bed 184 and having a second
end with a pocket 204 or the like that releasably captures a detent 206, which preferably is
disposed at the downstream end of second cam portion 182. Latch arm 202 is biased toward
second cam portion 182 by a spring 208, which may comprise a fluid spring (e.g., air or oil) as
shown or a suitable mechanical spring. Thus, in the event of excess force on cam portion 182,
such as in the event excess plastic in the mold cavity, detent 206 moves out of pocket 204 and
moves to the position shown in phantom against a stop 209. Wheel 22 continues to rotate with
the mold segments open. An extension 210 on cam portion 180 captures the open mold segments
upon continued rotation of wheel 22.

FIGS. 4-5C illustrate a modification to the mold opening/closing cam 126
illustrated in FIG. 2. In the embodiment of FIGS. 4-5C, a cam displacement wheel 192 is
provided affirmatively to move or lift mold section roller 122 from cam portion 180 onto a
foreshortened second cam portion 182 and thereby reduce the angular rotation of the wheel
needed to close the mold sections. Cam displacement wheel 192 preferably is rotatably mounted
on cam portion 182 and is coupled to a drive 193. Drive 193 may comprise a servomotor, for
example, coupled to a servomotor control 194. Alternatively, drive 193 may be a cam drive
coupled to the drive motor for wheel 22 (FIGS. 1-2). Cam displacement wheel 192 thus is

rotated in synchronism with rotation of wheel 22 to lift or displace cam rollers 122 in sequence
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from cam portion 180 to cam portion 182. Wheels 22, 192 preferably rotate at constant angular
velocity in synchronism with each other. Drive 193 preferably is coupled to wheel 192 through
pivot 186. A gear drive 195 (FIG. 4A) couples pivot 186 to wheel 192 to rotate the wheel. Cam
displacement wheel 192 reduces the load on the guide bearings on wheel 22 and the angular
wheel displacement required to close the molds.

In the embodiment of FIGS. 4-5C, cam displacement -wheel 192 has three
aﬁgularly spaced radially extending arms 196. The leading edge 198 of each arm 196 (with
respect to the counterclockwise direction of rotation of wheel 192 in FIGS. 4 and 5A-C) has a
rounded contour to engage and lift a roller 199 cantilevéred coaxially with cam follower roller
122 on each mold section 56. FIG. 5A illustrates initial engagement or contact of a cam arm 196 "
with aroller 199. As arm 196 rotates (counterclockwise in FIGS. 5A-5C), roller 199 moves from
the mid portion of edge 196 in FIG. 5A through the position of FIG. 5B toward the position of
FIG. 5C. In FIG. 5C, roller 199 rests on the tip of arm 196 and roller 122 is placed on the surface
190 of cam portion 182. Edges 198 in sequence thus are profiled to impart inward motion to
mold segments 56 (“inward” with respect to the axis of mold Wheel rotation) without generating
detrimental dynamic forces on cam portion 182 or wheel 192. In one presently preferred
implementation, cam displacement wheel 192 reduces the time required for displacing mold
segments 52, in units of degrees of rotation of wheel 22, by a factor of 60%.

FIG. 6 illustrates a modification to the embodiment of FIG. 4, in which cam
displacement wheel 192 has a single arm 196. The number of arms needed on the cam
displacement wheel depends upon the speed of rotation of wheel 22 and the load placed on wheel

192 by the cam sections in sequence.
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There thus have been disclosed a machine and method for compression molding
plastic articles, which fully satisfy all of the objects and aims previously set forth. The disclosure
has been presented in conjunction with several presently preferred embodiments, and a number
of additional modifications and variations have been discussed. Other modifications and
variations readily will suggest themselves to persons of ordinaty skill in the art. The disclosure
is intended to embrace all such modifications and variations as fall within the spirit and broad

scope of the appended claims.
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Claims

1.

A compression molding machine that includes:

a wheel (22) mounted for rotation around a horizontal axis and a plurality of
angularly spaced molds (52) disposed around said wheel,

each of said molds including a first mold segment (54) and a second mold
segment (56) disposed radially outwardly of said first mold segment,

each of said second mold segments being movable radially with respect to the
associated first mold segment between a radially inner closed position with said first mold
segment and a radially outer open position spaced from the associated first mold segment for
removing a molded article from said mold and placing a mold charge into said mold, and

a cam (126) disposed adjacent to said wheel for engaging said second mold
segments in sequence during rotation of said wheel to move said second mold segments between

said open and said closed positions.

2.
The machine set forth in claim 1 wherein said cam (126) has a first cam portion
(180) of increasing radius with respect to said horizontal axis for moving said secoﬁd mold
segments in sequence from said closed position to said open position, and a second cam portion
(182) of decreasing radius with respect to said horizontal axis for moving said second mold

segments in sequence from said open position to said closed position.
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3.

The machine set forth in claim 2 including at least one cam displacement wheel
(192) disposed for engagement by said second mold segments (56) in sequence, said cam
displacement wheel being coupled to a motor (193) and having at least one arm (196) disposed
to engage and move said second mold segments in sequence from said first cam portion onto said
second cam portion.

4.

The machine set forth in claim 3 wherein said second cam portion (182) is
mounted by a pivot (186) to said first cam portion, and said cam displacement wheel (192) is
rotatably mounted on said second cam portion.

5.

The machine set forth in claim 4 wherein said cam displacement wheel (192) is

driven by said motor (193) through said pivot (186). (
6.

The machine set forth in claim 4 including a latch (200) holding said second cam
portion (182) in a first position for moving said second mold segments to said closed position,
and being responsive to excess force on said second cam portion from said second mold
segments (56) to release said second cam portion to pivot to a second position spaced from said
second mold segments.

7.
The machine set forth in claim 6 wherein said latch (200) includes a latch arm

(202) disposed for engagement by said second cam portion and a spring (208) in engagement

with said latch arm.
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8.
The machine set forth in claim 1 wherein said cam has a first portion (180) for
opening said molds, a second portion (182) for closing said molds in sequence, a pivot (186)
mounting said second cam portion to said first cam portion, and a latch (200) ‘for holding said
second cam portion in a first position for closing said molds in sequence, said latch being
responsive to excess force on said second cam portion to release said second cam portion to pivot
to a second position spaced from said paths.
9.
The machine set forth in claim 8 wherein said latch (200) includes a latch arm
(202) disposed for engagement by said second cam portion and a spring (208) in engagement
with said latch arm.
10.
A machine for molding plastic articles, which includes:
at least one mold (52) carried by a movable support (39), including at least one
mold segment (56) that is movable between open and closed positions, and
at least one cam (126) disposed adjacent to said support for engaging said at least
one mold segment, said at least one cam including:
a first cam portion (180) for moving said mold segment to an open position,
a second cam portion (182) for moving said mold segment to a closed position,
and
a cam displacement wheel (192) disposed adjacent to said first and second cam

portions for displacing said mold segment from said first cam portion onto said second cam

portion.
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11.
The machine set forth in claim 10 wherein said cam displacement whee] (192) is

mounted for rotation in synchronism with said support (39).

12.
The machine set forth in claim 10 wherein said at least one mold segment (56) has
a cam follower (122) for engaging said first and second cam portions (180, 182) in sequence, and
wherein said cam displacement wheel (192) has at least one arm (196) for engaging said cam

follower on said first cam portion and displacing said cam follower onto said second cam portion.

13.
The machine set forth in claim 12 wherein said at least one arm (196) has a

rounded edge to engage said cam follower.

14.
The machine set forth in claim 12 wherein said cam displacement wheel (192) is

mounted for rotation on said second cam portion (182).

15.
The machine set forth in claim 14 including a latch (200) to release said second
cam portion in the event of overload on said second cam portion or said wheel from said cam

follower.
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16.
The machine set forth in claim 15 wherein said latch includes a latch arm (202) -
disposed for engagement by said second cam portion and a spring (208) in engagement with said

latch arm.

17.
The machine set forth in claim 14 wherein said second cam portion (182) is
mounted by a pivot (186) to said first cam portion (180), and wherein said cam displacement

wheel (192) is driven through said pivot.

18.
The machine set forth in claim 14 including a plurality of molds (52) carried by
said support (39) for engagement with said at least one cam (126) in sequence, and wherein said
cam displacement wheel (192) is driven in synchronism with said support for displacing said

molds in sequence from said first cam portion (180) onto said second cam portion (182).

19.
The machine set forth in claim 18 wherein said support (39) and said cam

displacement wheel (192) are driven at constant velocity.

20.
The machine set forth in claim 19 wherein said support (39) comprises a vertical

wheel (22) that rotates around a horizontal axis.
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21.

A machine for compression molding plastic articles, which includes:

an array of compression molds (52) mounted on a support (39) for movement
through a defined mold path, and

a cam (126) disposed adjacent to said support to engage said molds in sequence
and move at least one segment of each said mold between open and closed positions,

said cam having a first portion (180) for opening said molds, a second portion
(182) for closing said molds in sequence, a pivot (186) mounting said second cam portion to said
first cam portion, and a latch (200) for holding said second cam portion in a first position for
closing said molds in sequence, said latch being responsive to excess force on said second cam
portion to release said second cam portion to pivot to a second position spaced from said paths.

22.

A machine for handling articles, which includes:

at least one tool (52) carried by a movable support, including at least one tool
segment (56) that is movable between first and second positions, and

at least one cam (126) disposed adjacent to said support for engaging said at least
one tool segment, said at least one cam including:

a first cam portion (180) for moving said mold segment to a first position,

a second cam portion (182) for moving said mold segment to a second position,
and

a cam displacement wheel (192) disposed adjacent to said first and second cam
portions for displacing said mold segment from said first cam portion onto said second cam

portion.
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