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(57) Abstract: Platen-mounted, post-mold cooling apparatus and method includes structure and/or steps for handling molded parts
in an injection molding machine having a fixed platen, a moving platen, a core half, and a cavity half. A take off device coupled

& to the fixed platen is configured to remove molded parts from either the core half or the cavity half. A cooling device coupled to
& the moving platen is configured to cool the molded parts carried by the take off device. Preferably, the take off device extracts the

e\ just molded parts from the mold’s core half and then moves linearly outboard of the mold halves. The subsequent movement of the
moving platen to close the mold in the next molding cycle causes the cooling device’s pins to engage the molded parts in the take
off device part carriers. When the moving platen opens again, the molded parts are extracted from the part carriers by the cooling
device pins. When the moving platen is fully open, the cooling device is rotated to eject the cooled parts from the machine.
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PLATEN MOUNTED POST MOLD COOLING APPARATUS

TECHNICAL FIELD

The present invention relates to a method and apparatus for

cooling molded plastic articles after the molding operation is

finished. In particular, the present invention relates to
method and apparatus for an injection molding machine equipped
with a post mold cooling (“PMC”) device mounted on a moving

platen that cooperates with a multi-position robot take ous

sty
o

plate to both cool the interior of the parts and to
(preferably) selectively unload some of the molded part

carriers on the multi-position take out plate. The method and

apparatus are particularly well suited for cooling injection

molded thermoplastic polyester polymer materials, such as
polvethylene terephthalate (“PET”) preforms.

BACKGROUND OF THE INVENTION

A variety of post mold cooling methods are currently employed

il

freshly molded plastic parts. Such  methods include

conductively cooling the parts while they are still inside the

on injection molding machines to optimize the cooling o:

mold cavities, blowing air on the exteriors of the molded parts

after they are extracted from the mold, and blowing air into

the interiors of the molded parts. Some parts (for example

plastic preforms) are typically injection-molded wusing PET

resin, and can have wall thicknesses varying from about 2.00 mm

to greater than 4.00 mm, and require extended cooling periods

to solidify into substantially defect-free parts. Heavy

walled parts (such as those made from a material that has a

high resistance to thermal heat transfer, like plastic resin)

can exhibit “reheating” phenomena that can produce defective

parts after they have been ejected from the mold.

—

In the case of PET preforms, some manu:

U}

acturing defects are:

¢ Crystallinity: The resin recrystallizes due to the elevated
temperature of the core resin not cooling qgquickly enough. The

white appearance of the crystals impairs the clarity of the

i
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final product and provides an area of potential weakness in a

resultant blown product.

e Surface Dblemishes: The ejected performs, initially having

solidified surfaces are reheated by  the core material which

causes the surface to soften and be easily marred. Sometimes

this surface reheating can be severe enough to cause touching

parts to weld together.

e Geometric inaccuracilies: Handling partly-cooled performs or

attempting to further cool them in devices that do not maintain

their geometric shape while their surfaces are reheated can

cause the preform’s round diameter to become oval shaped or the

smooth surface to become wrinkled or non-linear.

The above-noted problems could be alleviated somewhat by

extending the cooling time of the injection molded performs in

their mold. However, this will cause the injection molding

cycle to be lengthened, typically 25 seconds or longer, wherein

the majority of this time would be used solely for cooling

pPUrposes. In an effort to improve the production efficiency

gr—

of this process, several techniques are employed to perform a

post mold cooling function, wherein partially cooled preforms

are ejected from the injection mold after an initially cooled

surface skin has formed to allow the part to be ejected without

deformation. The partially cooled preforms are then handed oft

" to a downstream device that continues to hold the preform while

removing the remaining heat  so that the preform can

subsequently be handled without damage. Typically, the preform

surface temperature needs to be lowered to about 70°C to ensure

safe handling.

The early ejection of partially cooled preforms releases the

injection molding equipment earlier in the molding cycle,

'F

thereby significantly improving the production efficiency of

the eguipment. Injection molding cycle times typically were

halved from 25 seconds to about 12 seconds or less (in some

instances) depending on the preform design being molded.
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Some examples of post mold cooling technology are shown in U.S.
Patent Nos.: 3,804,568; 4,729 ,732; 4 836,767 Re. 33,237;
5,447,426; and 6,171,541.

U.S. Patent No. Re. 33,237 discloses a robotically-controlled

- multi-position take out plate for removing partially cooled

gy

injection molded parts from the core side of an injection mold.

The parts are ejected from the mold directly into cooled

carriers, as disclosed 1n U.S. Patent No. 4,729,732, and

transported by the robot to an outboard position where some of

the parts are ejected onto a conveyor. The plate has multiple

sets of carriers, each set being sufficient in number to hold

one part from each of the cores of the multi-cavity mold.

There are multiple sets of carriers on the plate so that

multiple sets of molded parts can be held and cooled, the set

that 1s ejected being the set that has been cooling the longest

—
p—

in the tubes of the plate. However, these patent documents do

not disclose cooling the interior of the parts. Moreover, the

disclosed method of ejecting the parts relies on the
termination of a wacuum that 1s holding the parts in the
carriers, thereby allowing gravity to cause the parts to fall

out when the take out plate has been rotated 90 degrees to a

discharge position.

U.S. Patent No. 6,171,541 discloses inserting a cooling pin

(CoolJdet™) into the interior of partially cooled part to

discharge a cooling fluid therein to assist cooling. Also

disclosed therein is a procedure to apply a wvacuum through the:

same cooling pin to cause the part to remain attached to the

piln when it i1s moved away from the carrier holding the part,

thereby removing the part from the carrier. The pins, mounted

to a frame, are then rotated 90 degrees to a diécharge position

and the wvacuum terminated to allow the parts to fall off the

pins. However, there 1s no disclosure of mounting the frame

and pins onto a moving platen to utilize the motion of the

moving platen to insert and retract the pins with respect to

the parts.

U.S. Patent No. 4,836,767 discloses a rotatable table mounted

onn the moving platen on which are mounted two core sets for the
3
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mold. While one core set 18 1in the closed mold

injection molding parts,

ejecting the parts into cool

indexable, four-sided

stationary platen of

can be carried on the carousel allowing an ex

time to be performed.

of cooling time of t

he inte

transferred to the carousel.

the machine. Four sets of

the other i1is positioned

position for

g

outboard for

ed carriers that are mounted on an

carousel that 1S mounted to the

L'

molded parts

cended cooling
The parts remain on the cores for one

additional cvycle time sequence that provides a small extension

rior of the parts before they are

However, there i1s no disclosure

of repeated or multiple cooling of the parts’ interiors.

U.S. Patent No. 3,804,568 discloses a robot mounted to the

moving platen of an injection molding machine,

robot drives a take

wherein the

out plate into and out of the open mold

area to remove ejected parts. A second transfer plate then

unloads the take out plate while 1t 1s 1n

pr—

the outboard

position. The motion of the moving platen 1s used, wvia cams

and linkages, to actuate the ts&

collision with the mold during its operation.

18 no disclosure of part cooling, either exterior

ke out plate vertical motion and
to synchronize it mechanically so that there 1s no risk of

However, there

or 1interior,

while the parts are being transported by either plate.

U.S. Patent No. 5,354,194 discloses a molded part removal unit

mounted to the side of the

disclosure of any cooling treatment.

single position take out plate with carriers to unload P

preforms. The robot was moun:

]

moved the take out p

An earlier Husky preform molding system used a

ate ver:

cically. In the outbo

fixed platen. However, there i1is no

robot with a
T

3

ced on the stationary platen and

ard position,

above the mold, a wvacuum tube carrier of a trans:

aligned with the carriers

therefrom by applica

transfer plate moved

"er plate was

and removed the molded parts

operator side of the machine and rotated to allow

drop from the tubes when the ve&

there was no blowing or cooling of the interior

during their handling.

~1ion of wvacuum to their i1nteriors. The

to a second outboard position at the non-

the parts to

cuum was terminated. However,

of the parts
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With reference to Figures 1-4, top plan views of an injection

molding machine 10 are shown comprising, an 1njection unit 11,

a clamp unit 12, a robot unit 13, and a CoolJdet™ unit 14. Also

included is an injection mold comprising two halves: (i) the

cavity half 15, containing. mold cavities 19, attached to the

stationary platen 16 of the machine 10; and (ii) the core haltf

17 which is attached to the .moving platen 18 of the machine 10.

The robot unit 13 is mounted atop the stationary platen 16 and

includes a horizontal “Z” beam 20 that projects to the non-

operator side of the machine and upon which rides a carriage

——?

21, moved along the beam by (typically) a servo-electric driven

belt drive (not shown). Vertical “Y” beam 22 1s attached to

the carriage 21 and this supports the multi-position take out

plate 23 upon which are mounted multiple sets of carriers 24

that may be cooled for transporting multiple molded shots of

parts ejected from the mold from an inboard (loading) position,
as shown i1in Figure 1, to an outboard position as shown 1n

Figures 2-4 inclusive.

The transfer device 14 i1includes a plate 25 upon which are

mounted multiple transfer pins 26, one for each carrier 24 on

the multi-position take out plate 23. The plate 25 1is

supported on slides 27 and can be moved toward and away from

the carriers 24, when in their outboard position, by cylinder
28.

In operation, one shot of molded parts is transferred into the

carriers 24 when the mold is open and the multi-position take

off plate 23 is positioned such that empty carriers are aligned

with parts on the mold cores 209. In the example shown 1in

Figure 1, a 48-cavity mold 1s transferring 48 parts into 48

carriers on a 3 position take off plate 23. The multi-position

take off plate 23 i1s then moved to 1ts outboard position by the

robot 13, as shown 1in Figure 2. The mold i1s then closed and

clamped for the next molding cycle. Meanwhile, the transfer

device 14 activates a cylinder 28 to move the plate 25 and its

transfer pins 26 so as to enter the parts held in the carriers

24. This engaged position is shown in Figure 3.
5
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Just before the molding cycle ends, the transfer pins 26 are

extracted from the parts, and the robot 13 causes the multi-

position take off plate 23 to rotate 90 degrees (as shown 1in

p—

Figure 4) by means of a servo motor on the end of an arm 22, or

alternatively a cramk and cylinder arrangement (not shown).

The respective wvacuums holding the parts in the carriers 24 are

pe— g
e

cively shut of!

-y

-
-

che ordexr o

in

selec

the parts that have been

held 1n the carriers the longest, 1in this example for three

molding cycles. These parts fall out of the carriers onto a
conveyor beneath (not shown). The remailining parts continue to
be held in their carriers by wvacuum. The multi-position take

off plate 23 is then returned to the vertical orientation ready

for entry into the open mold area to pick up the next shot of

molded parts in the recently wvacated carriers 24.

The injection molding machine described above therefore unloads

the molded parts into the multi-position take off plate 23 by

positioning the plate at wvarious inboard locations to £i11ll the

most recently wvacated carriers, and then moves them to one

outboard position aligned with the transfer device. This

outboard position is the same i1n all cases, where all the parts

are dealt with by the transfer device. Thus, each part

el

receives the same treatment the same number of times as there

—_—

are sets of carriers 24 on the multi-position take o: plate

23, 1n this example three times.

A number of disadvantages are present in the injection molding

machine configuration described with respect to Figures 1-4.

First, the multi-position take off plate 23 i1is heavy. In
larger systems such as those with 432 carriers (to operate with
a mold having 144 cavities), the plate can weigh in excess of

several hundred kilograms (Kg), as the weight includes not only

the structure of the plate and carriers themselves but also the

weight of multiple shots of parts plus the weight of any

cooling fluid in the plates and carriers, typically water. The

—

effect of this heavy weight when mounted on the end of a

cantilevered Y beam 22 (which itself is movably mounted on a

cantilevered Z beam 20) is to cause difficulty in maintaining

alignment of the carriers 24 with the mold cores and the
6
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carriers 26 after the take of plate 23 has moved quickly from

the inboard position to the outboard position, and wvise versa.

The inertia of the plate can cause it to wvibrate when quickly

g

being brought to rest in one of its stationary positions, and.

cycle time can be lost in waiting for motion oscillations to

damp out sufficiently before attempting a part transfer or

cooling tube insertion.

A second disadvantage 1n the injection molding machine

configuration described above 1s that when unloading the

carriers 24, the entire multi-position take off plate 23 must

be rotated 90 degrees and back again quickly. Again, because

of the wéigh': and inertia involved, a high-performance, high-

cost actuation device must be used if the rotation i1is not to

take too long, since the time taken for this motion is time

unavailable for CoolJdJet™ treatment.

e

Furthermore, since the transfer device 14 engages each part in
each carrier on every c¢ycle, all the parts receive multiple

applications of the same treatment. The ability to provide

different treatments to the parts in these multiple events 1is

not possible.

A third disadvantage 1s that the time available for treatment

to be applied by the CoolJdet™ device 1s reduced by the time it
f plate 23 to rotate to the

horizontal position, eject selected parts and rotate back to

Pl

takes for the multi-position take o:

the vertical position.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, structure

and/or steps are provided for a molded part handling apparatus

for an 1injection molding machine having a fixed platen, a

~ -
— p—

moving platen, a core half, and a cavity half. A take off

‘]

device 1is coupled to the fixed platen and 1s configured to

remove molded parts from one of the core half and the cavity

half. A cooling device 1s coupled to the moving platen and is

FP

configured to cool the molded parts carried by the take off

device.
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- of the present invention,

structure and/or steps are provided for an injection molding

machine including a core half, a

platen coupled to one

cavity half, and a fixed

—

of the core half and the cavity half. A

moving platen 1s coupled to the other one of the core half and

the cavity half. A

cake off device 1s coupled to the fixed

platen and 1is configured to extract freshly molded parts from

the core half. A take off device actuator is configured to

g

linearly move the take off device to a position outboard of the

fixed platen after the take

off

device has extracted the

freshly molded parts from the core half. A cooling device 1is

coupled to the movable pla:

molded parts carried by the take o:

cen and 1s configured to extract the

"f device, and to eject the

molded parts from the cooling device at an ejection station. A

cooling device actuator 1s con:

"i1gured to rotate the cooling

device about a horizontal axis to eject the molded parts at the

ejection station.

According to a third aspect of the present i1nvention, structure

and/or steps are provided

for a molded part transfer apparatus

for an i1injection molding machine having a core half and a

ey

cavity half. A take o:

parts from one of the core half and

~f device is configured to remove molded

the cavity half. A cooling

device i1s configured to cool the molded parts carried by the

take off device. Movement control structure is configured to

cause: (1) simultaneous rela:
toward the cavity half,
off device; and (ii) simul:

half away from the cs

from the take off device.

cive movement of the core half
and the cooling device toward the take
taneous relative movement of the core

vity half, and the cooling device é.way

According to a fourth aspect of the present invention, a method

gy

naving a fixed platen,

half, a take off device,

steps of: (1) simultaneously causing relative movement between

(1) the movable platen and

of handling just molded parts in an injection molding machine

a movable platen, a core half, a cavity

causing (1) the core half to engage

8

and a cooling device, includes the

the fixed platen, and (ii1) between

the take off device and the cooling device; (2) simultaneously

‘the cavity half, and (ii)
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i

the cooling device to engage the take off device; (3)

simultaneously causing (i) the core half to extract molded

parts from the cavity half, and (i1i) -the cooling device to

extract molded parts from the take off device; (4) causing the

cooling device to rotate to an ejection station; and (5)

causing the cooling device to eject the molded parts extracted

pr—

from the take off device.

According to a fifth aspect of the present invention,—the

treatment time window 1s extended to cover substantially all

the time the take off plate is i1n the outboard position.

Thus, the present invention advantageously provides post-mold

cooling method and apparatus for efficiently cooling molded

plastic pileces.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will now be

described with reference to the accompanving drawings in which:

Fig. 1 1s a top plan view of a molding system showing the

multi-position take out plate at the inboard (loading)

position.

Fig. 2 is a top plan view of the Figure 1 system showing the

multi-position take out plate at the outboard position and the

mold closed for molding the next shot.

Fig. 3 1s a top plan view of the Figure 1 system showing the

multi-position take out plate at the outboard position and the

CoolJdet™ device engaged for cooling all the parts in all the

carriers.

Fig. 4 1s a top plan view of the Figure 1 system showing the

multi-position take out plate at the outboard position and

rotated 90 degrees for selective ejection of parts.
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Fig. 5 1s a top plan view of a first embodiment of the present

invention showing a multi-position take out plate at the

inboard (loading) position.

—
p—

Fig. 6 1is a top plan view of the Figure 5 embodiment showing

b

the multi-position take out plate at the outboard position with

the treatment device engaged for cooling the parts in the

carriers.

=
p—

Fig. 7 1s a top plan view of the Figure 5 embodiment showing

the multi-position take out plate at the outboard position with

the treatment device disengaged and having retracted selected

parts from the carriers.

Fig. 8 1is a side view of the Figure 5 embodiment showing the

multi-position take out plate at the outboard position with the

treatment device engaged for cooling all of the parts in all of

the carriers.

Fig. 9 i1s a side wview of the Figure 5 embodiment showing the

multi-position take out plate at the inboard position with the

treatment device rotated 90 degrees and carrving selected parts

for ejection.

Fig. 10 is a gide wview of the Figure 5 embodiment showing the

multi-position take out plate at the inboard position with the

treatment device rotated 90 degrees and ejecting the selected

parts.

Fig. 11 is a side view of the Figure 5 embodiment showing the

multli-position take out plate at the outboard position with the

treatment device realigned and ready to engage the next set of

molded parts.

= -
—

Fig. 12 is a plan view of a second embodiment of the present

invention showing the multi-position take out plate at one of

the three outboard positions with the multiple treatment device

carrying selected parts for ejection.

10
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Figs. 13a, 13b, and 13c comprise plan views of the Figure 12

embodiment showing* the multi-position take out plate at the

first of the three outboard positions with the multiple
treatment device shown in three positions: prior to engagement

13a; engaged 13b; disengaged with selected parts removed 1l3c.

Figs. l1l4a, 14b, and 1l4c comprise plan views of the Figure 12

embodiment showing the multi-position take out plate at the

second of the three outboard positions with the multiple

| -

“reatment device shown in three positions: prior to engagement

l4a; engaged 1l4b; disengaged with selected parts removed l4c.

Figs. 15a, 15b, and 15c¢ comprise plan views of the Figure 12

embodiment showing the multi-position take out plate at the

third of the three outboard positions with the multiple

treatment device shown 1in three positions: prior to engagement

15a; engaged 15b; disengaged with selected parts removed 1l5c.

Fig. 16 is &a schematic representation of three molding

injection molding cycles of the preferred embodiments including

the corresponding robot and treatment cycles.

Fig 17 1s an isometric representation of the preferred

embodiment of the invention showing the robot mounted to the

p—

si1de of the stationary platen.

Figure 18 1is an isometric representation of the preferred

1}

embodiment of the invention shown in Figure 17.

Figure 19 is an isometric representation of another embodiment

of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S

1. Introduction
The present invention wlill now be described with respect to
several embodiments 1in which a plastic i1njection molding

machine has a cooling device fixed to the movable platen, and a

e
p—

take off device fixed to the fixed platen. The cooling device

has a plurality of cooling/transfer pins, and the take off
11
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device has a plurality of preform carriers. Aftter the movable
platen 1s moved to open the mold, the take off device moves

linearly in between the mold halves to extract the freshly

molded preforms from the mold cores onto the preform carriers.

The take off device is then moved 1linearly to a position

outboard of the mold halves. Then, when the movable platen

moves toward the fixed platen to close the mold and mold a new

set of preforms, the cooling device moves simultaneously to

aa Y
e

f device carriers with the cooling/transfer

engage the take o:

pins. When the moving platen again moves to open the mold, the

preforms from the carriers are extracted by a vacuum means onto

the cooling/transfer pins. By the time the moving platen has

reached its fully open position, the cooling device has rotated

about a horizontal axis to drop the molded and cooled parts

onto a conveyor.

Preferably, the cooling device comprises a so-called treatment

A device in which a coeoling pin 1s inserted into each preform,

cooling ailr i1s injected to the interior tip of the preform, and

the cooling air flows down the inside surface of the preform to

the outside. The cooling device may also comprise a so-called

treament B device in which a cooling pin 1s inserted into each

preform, each preform 1s pressure-sealed, and cooling air 1is

injected into the interior of the preform. The pressure causes

the outside walls of the preform to contact the inside walls of

the take out cavity, thus effecting cooling on both the inside

and outside surfaces of the preform. The cooling device may

also comprise a combination of treatment A and treament B

devices and/or equivalent structures so that each preform may

be subjected to each treatment type and to more than one

cooling treatment. Nevertheless, it should be understood that

the teachings and claims of the subject invention are equally

applicable to other molding processes used for producing other

relatively thick-walled hollow articles. For example, the

present invention will find applicability in many molding

technologies beyond injected-molded plastic preforms, such as

the molding of containers, pails, trays, paint cans, tote

boxes, and similar products, or other molded products possibly

with non-circular cross-sectional shapes, etc.

12
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F

2. The Structure of the First Embodiment

The first preferred embodiment of the present invention 1is

shown in Figures 5-11. In those Figures, a robot Z beam 30 1s

attached to a preferably rigid mounting plate 31 that 1is

]

preferably fastened to the top of a stationary platen 32. By

mounting the Z beam 30 this way, a more rigid and less bendable

structure 1s provided. The mounting plate 31 1s contoured at

33, 1in the area immediately above the cavity half 35 to allow

easy access into the machine for slings and handling devices to

load and unload parts to/from the mold.

A robot carriage 34 is movably mounted on the Z beam 30 and is

moved along the beam by a servo electric belt drive (actuator)

system or functional equivalent (not shown). A Y beam 36 (see

Figure 8) 1s attached beneath the carriage 34 and contains

service channels to supply a multi-position take off plate 37.
Services such as cooling fluid, wvacuum lines, and electric

sensor or control circuilts are routed directly through the

channels within the ¥ beam, thereby avoiding the complication

of service harness loops. The multi-position take off plate 37

is mounted directly to the Y beam 36 using screws and dowels,

and ligquid and wvacuum services are transferred through face

seal connections (not shown) at the interface (also not shown)

to save time in tooling change-overs. The take off plate thus

—

moves only linearly, in the direction of arrow A. Preferably,

there is no rotational mounting or drive at the end of the Y

beam 36, and consequently the multi-position take off plate 37

remains 1n a vertical orientation at all times, with no

rotational movement required. This rigid mounting system

significantly reduces the inertia-induced motion oscillations
experienced in the above-described system, and saves the
consequential lost cycle time. The reduced number of service
connections, hose and wiring hookups etc., also reduces the

time taken in changing the tooling.

The multi-position take off plate 37 preferably has multiple

sets of carriers 38 mounted to 1t which hold the molded parts

by wvacuum. Preferably, there are 3 sets of carriers (numbering

48 in each set in this example) so that three molding shots of

13
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parts (144 in total) from the 48-cavity mold can be carried at

any one time on the multi-position take off plate 37.

A treatment A device 39 i1is mounted on a hollow cylinder 40 on

the side of the movable platen 41 such that a cylinder

(actuator) 42 can cause the treatment A device 39 to rotate

about (preferably only a single axis) horizontal axis through

90 degrees, as shown in Figures 8 and 9. The cylinder 42 is

pivotably mounted on an extension arm 50 that 1s fastened to

the movable platen A41. The plenum or plate 43 1s made of

lightweight aluminum, or similar material, and carries cooling

pin/carriers 44 (see Figure 7) sufficient 1n number to match

the number of carriers 38 on the multi-position carrier plate
37.

A hollow structure 45 attaches the plenum/plate 43 to the

hollow cylinder 40, and allows services to be carried from the

machine through the structure 45 to the plenum/plate 43. By

virtue of this lightweight construction and the fact that only

one molded shot of parts are carried by the treatment device at

any one time, the plenum/plate 43 can be rotated very quickly

through its 90 degree arc by the cylinder 42. Alternatively,

the rotation of the plenum/plate 43 can be effected by an

electric drive (not shown) mounted to the hollow structure 45.

Preferably, valves (not shown) control the wvacuum so that it is

applied to only those carriers designated to unload parts from

the carriers during predetermined cycles.

—

The wvarious movements of the platen, the take off plate, the

treatment A device, etc, are controlled by one or more

pProcessors. For example, one or more general purpose

computers, Application Specific Integrated Circuits, Digital

Signal Processors, gate arrays, analog circuits, dedicated

digital and/or analog processors, hard-wired circuits, etc. may

-

control the movements of one or more components of the

injection molding machine and the part handling and cooling

structure described herein. Instructions for controlling the

one or more processors may be stored 1n any convenient

computer-readable medium and/or data structure, such a floppy

14
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diskette, a hard drive, a CD-ROM, RAM, EEPROM, magnetic media,

optical media, magneto-optical media, etc.

—

3. The process of the First Embodiment

P—

In operation, one shot of molded parts 1s transferred into the

carriers 38 when the mold is open, and the multi-position take

off plate is positioned such that empty carriers 38 are aligned

with parts on the mold cores 51. In the example shown in

Figures 5-11l, a 48-cavity mold transfers 48 parts 1into 48

carriers on a three position take off plate 37 (Figure 5). The

multi-position take off plate 37 1s then moved (preferably only

linearly in a single direction) to its outboard position by the

robot carriage 34, as shown 1n Figures 6 and 8. The mold 1is

then closed and clamped for the next molding cycle. Meanwhile,

the treatment A device 39, mounted on the movable platen 41,

has been simultaneously moved forward and its cooling
pin/carriers 44 have engaged the parts 1n the carriers 38.

This engaged position is also shown in Figures 6 and 8 where a

cooling fluid is discharged from the cooling pin/carriers 44

into the interior of the parts to assist in cooling them.

At the end of the molding cycle, the movable platen 41 opens

the mold, disengaging the treatment A device 39 at the same

time (Figure 7). A vacuum force is applied to selected cooling

pinsg/carriers 44, and the wvacuum force is simultaneously

released from the corresponding carriers 38 so as to cause

selected parts (those parts that have been held in the carriers

the longest, in this example, for three molding cycles) to

transfer from the carriers 38 to the cooling pin/carriers 44 on

the treatment A device 39. The remaining parts continue to be
held 1in their carriers 38 by vacuum. =~ The multi-position take
off plate 37 then immediately reenters the Opeﬁ mold area to
pick up the next shot of molded parts on the recently wvacated

carriers 38.

Meanwhile, as the movable platen 41 is opening the mold, and

once the parts have cleared the carriers 38 they are vacating,

the cylinder 42 1s actuated to cause the plenum/plate 43 to

rotate 90 degrees about a horizontal axis to face downward at

an ejection station (Figure 9), and the parts withdrawn from
15
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the carriers 38 and held on the cooling tubes 44 Dby wvacuum

force are released and allowed to fall onto a conveyor below

(Figure 10). The c¢ylinder 42 immediately returns the

pr—
—

plenum/plate 43 to the vertical orientation ready for entry of

the cooling pin/carriers 44 into the carriers 38 as the movable

platen 41 closes the mold (Figure 6). This sequence of motions

1s timed so that the parts begin falling from the cooling

pin/carriers 44 before the plenum/plate 43 has finished its

initial 90 degree rotation and the plenum/plate 43 has minimal

walt time 1in the horizontal position before reversing its

rotation. One complete cycle, from a part being molded to the

same part being ejected may take 40 seconds.

One advantage of the present invention i1s that the multi-

position plate 37 1s more accurately controlled in its motions

and stopping points so that the vibration motions and

conseqguential carrier-alignment issues are minimized. Further,

by transferring the parts to the platen mounted treatment A

device 39, the robot structure and function are simplified by

not having a high performance drive means for the rotational

axls at the end of the Y beam, thus saving weight and cost on

the carriage. Additionally, by mounting the treatment A device

39 on the movable platen 41, this location moves the outboard

position of the multi-position take off plate 37 closer

inboard, thereby shortening the 7Z beam and reducing the overall

width/footprint of the machine. Also, mounting the treatment A

device 39 on the movable platen 41 saves the cost of providing
an independent motion and guiding means for the device 39 to
engage and disengage the parts in the carriers 38, these items

already being providing by the movable platen itself.

4., The Structure of the Second Embodiment

Figures 12 and 13 show a second embodiment of the i1nvention 1in

which two different treatment processes are performed on the

parts while they are 1n their carriers. Co-pending U.S.
application 10/147,360 filed May 17, 2002 discloses a system

for temperature conditioning . the interior of freshly molded

parts by using a treatment A device and/or by using a treatment

B device. The latter i1inserts a cooling tube with a sealing

means so that pressurized cooling fluid introduced into the
16
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-

interior of the part wvia the tube is temporarily contained

therein and pressurizes the part causing it to remain in

p— gty
p—
—

ace of 1ts carrier to maintain

contact with the 1inside sur:

optimum heat transfer to the carrier by intimate contact and

thereby resisting the shrinkage of the part as it cools, which,

1f unchecked, causes the part to lose contact with the inside

surface of the carrier.

Figure 12 shows an extended treatment A plate 100 on which an

additional two rows of cooling pin/carriers 101 and 102 have

been mounted. Four rows of treatment B tubes 103, 104, 105 and

106 are shown 1in between the rows of cooling pin/carriers 112.

This example of tube layout i1s one so-called multiple treatment

configuration suitable for operation with a three position

multi-position take out plate 107; however, other combinations

of treatment A tubes and treatment B tubes is possible.

5. The process of the Second Embodimen
Filigures 13a,13b,13¢c; 1l4a,14b,1l4c; and 15a,15b, 15c¢, 1in

combination, show a complete sequence of operations of the

{1

multiple treatment device and multi-position take out plate to

treat the parts 109 in the carriers 108. Figure 13a shows the

multi-position take out plate 107 in the first of its three

outboard positions in which freshly molded part 110 is aligned

with Creatment B tube 111 on the multiple treatment plate 100.

All the carriers are carrying parts. Each of the freshly

molded parts 110 is aligned similarly with a corresponding

treatment B tube. Figure 13b shows the multiple treatment

plate 100 engaged with the parts allowing cooling treatment to

take place. The treatment B tubes pressurize the interior of

the parts with cooling fluid while - the treatment A tubes

project cooling fluid to un-pressurized parts allowing the

fluid to vent out of the open end of the parts. Figure 13c

shows the multiple treatment plate 100 disengaged from the

carriers and selected parts being removed by those cooling

pin/carriers 112 to which a vacuum has been applied. The parts

being removed comprise the molding set that has been in the

carriers the longest. These parts are subsequently ejected

ftrom the tubes, as previously explained.

17
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I

Figure l4a shows the second outboard position of the multi-

P

position take out plate 107 in which the next molding shot ot

freshly molded parts are aligned with the same treatment B

tubes 111. Figures 1l4b and 1l4c show the remaining steps in the

portion of the complete sequence in which all the parts are

treated, those parts treated by the treatment B pressurizing

tubes in the previous step, l4a are now treated with treatment
A cooling, and the parts that have been the longest in their

carriers are removed.

Figure 15a shows the third outboard position of the multi-

position take out plate 107 in which the next, third molding

shot of freshly molded parts are again aligned with the same

treatment B tubes 111. Figures 15b and 15c¢ show the remaining

steps in which the parts that have been in the carriers for the

previous two segments of the sequence receive a second

treatment A treatment prior to being removed from their tubes

as shown 1in Figure 15c. Thus, 1in the complete sequence, the

parts are treated three times before being removed from theixr

carriers.

go—
=l

The second embodiment also allows for a wvariety of combinations

of either treatment A tubes or treatment B tubes mounted on the

plate 100 so that parts can be treated in different sequences,

including repeating, of these two processes so that an optimum

post mold cooling treatment can be provided for any part

configuration. Obviously, several multi-position take out

plate configurations can be provided having greater or lesser

numbers of carriers corresponding to the number of parts

produced by a variety of multiples of molding shots, and

correspondingly the multiple treatment device can be configured

processes provided to the parts.

Figure 16 shows how the operations being performed by the

molding machine, the robot, and the multiple treatment devices

are synchronized for optimum cycle time performance. The

carriers in the multi-position plate cool the parts for almost

three molding cycles and there are three opportunities for the

multiple treatment device to treat the parts prior to theirx
18
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yu——

timing windows for par

[ -

s being transferred from

the molding machine to the carrier and from the carrier to the

pins for ejection are shown by wvertical dotted 1lines. An

injection molding cycle time of 10 seconds is shown; however,

this 1s exempl

ary and can vary depending on the specific

configuration of the parts being molded. Similarly, although

three sets of carriers have been shown with the corresponding

numbers of mult

iple treatment pins, this too 1s exemplary and

p—
p—

different numbers can be used depending on the number of

injection mold

cavities and the multiples thereof that are

chosen for the specific application.

=

Figures 17 and 18 show a preferred embodiment of the invention

1in which the multi position take off device 137 is mounted to

the side of the
the platen, as

are realized as

stationary platen 135 instead of to the top of
in the Figure 5 embodiment. The same benefits

the top mounted embodiment, and in addition the

Y beam structure is eliminated, providing an additional saving

1in moving weight and cosgst. The Z beam 141 is mounted directly

to the gide of

the statiomnary platen 135 so that the carriage

143 traveling along i1t and supporting the take out plate 137 is

more rigidly guided. The direct mounting of the take out plate

137 to the carriage 143 and the elimination of the Y beam

ensures that there is minimal deflection of the take out plate

137 during its

travel, and thereby minimizes the need to wailit

for motion inducing oscillations to dampen before transferring

parts to or from the carriers.

Figure 19 shows

an alternate embodiment in which the multiple

treatment device 200 i1is mounted to i1ts own movable carrier 201

that travels along ralls 202 mounted to the conveyor assembly

203. The multiple treatment device 200 is releasably connected

e

to the moving platen 204 of the machine by a linkage bar 205

and eccentric

adjustment 1in

pin 206 arrangement that provides linear

the relative distance between the multiple

treatment device 200 and the take out plate 207 in its outboard

position. The linkage bar 205 provides a mechanical connection

to the moving platen 204 so that the multiple treatment device

200 1s moved by

the moving platen 204. However, by separation

of the linkage bar 205 from the moving platen 204, the mul':iple

19
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treatment device 200 can be easily moved on its carrier 201

away fL[rom the moving platen and the tooling plate 207 (when in

1ts outboard position). This provides easy access to the mold,

tooling plate, or multiple treatment device for maintenance and

adjustment .

6. Conclusion

Thus, what has been described is a method and apparatus for
efficiently cooling molded plastic articles, achieving reduced

cycle time and costs. The present invention also provides an

easlily re-configurable arrangement of post mold treatment

process options for the freshly molded parts such that an

optimum configuration can be selected to match the

characteristics of a wide variety of molded parts.

Advantageous features according the present invention include:

1. A cooling pin/part removal device mounted on a rotatable

frame that i1s mounted on the moving platen such that the platen

motion controls the insertion of the tube and the removal of

the part. 2 . The multiple treatment of multiple molded sets

of parts while 1n a multi-position tooling plate using

different treatment techniques: treatment A; treatment B: etc.

facilitated by the robot aligning the tooling plate in pre-

determined outboard positions.

While the present invention shortens the manufacturing time of

blow molded container preforms generally having circular cross-

sectional shapes perpendicular to the preform axis, those

skilled in the art will realize the invention is equally

applicable to other molded products possibly with non-circular

cross-sectional shapes, such as, pails, paint cans, tote boxes,

s |

and other similar products requiring a similar general

configuration and mold design characteristics as with the

preform injection mold.

The individual components shown in outline or designated by

blocks 1n the attached Drawings are all well-known in the

e~ 8

injection molding arts, and their specific construction and

operation are not critical to the operation or best mode for

carrying out the invention.
| 20
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While the present invention has been described wi

what 1s presently considered to be the pre:

disclosed embodiments. TO

intended to cover varlous

arrangements included within

1t i1s to be understood that the inven:

the con

PCT/CA2004/000201

modifications and

appended claims.  The scope of

th respect to
“erred embodiments,
—1on 1s not limited to the

trary, the invention is

equivalent

the spirit and scope of the

the following claims 1s to be

accorded the broadest interpretation so as to encompass all

such modifications and equivalent structures and functions.

All U.S. and foreign patent documents

hereby incorporated by reference into

of the Preferred Embodiment.

21
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1.

Molded

PCT/CA2004/000201

part handling apparatus for an injection molding

machine having a fixed platen and a moving platen, the molded

COIl

&}

figured to remove molded parts

part handling device comprising:

and the moving platen; and

COIl

take off device coupled to the fixed platen and

from between the fixed platen

a cooling device ~coupled to the moving platen and

figured

device.

2 .
1S
oft

3.

device 1s configured to move in a bi-directional lines

to cool the molded parts ce

Cf

rried by said take o3

Apparatus according to Claim 1, wherein said cooling device

further configured

device.

Apparatus according to Claim 1,

only.

4.

Apparatus according to Claim 1, wherein sa

co remove the molded parts from said take

wherein said take offt

7 fashion

id cooling device

1s configured to move only rotationally with respect to the

moving platen.

5. Apparatus according to Claim 1, wherein said take off
device includes a plurality of carriers which maintain a
constant orientation.

6. Apparatus according to Claim 5, wherein said plurality of
carriers support multiple sets of molded parts, each set
obtainable from a single molding shot.

7 . Apparatus according to Claim 1, wherein said cooling device

includes one of a plurality of

plurality o:

8 .

Apparatus according to Cle

- treatment B cooling pins.

treatment A cooling pins and

c

im 7, wherein said cooling device

includes one of a plurality treatment A cooling pins and a

plurality of treatment B cooling pins,

and whereiln se

1d cooling

device 1s configured to subject each molded part to a cooling

22
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treatment from a treatment A pin and to a cooling treatment

from a treatment B pin.

9. Apparatus according to Claim 1, wherein, when the moving

5 platen moves toward the fixed platen the cooling device engages

the take off device.

10. Apparatus according to Claim 9, wherein, when the moving

platen moves away from the fixed platen the cooling device is

—

10 configured to remove molded parts from the take off device.

R

11. An injection molding machine, comprising:

a fixed platen;

a moving platen;

p— g

15 a take off device coupled to said fixed platen and

configured to extract freshly molded parts from between the

fixed platen and the moving platen;

a take off device actuator configured to linearly move

said take off device to a position outboard of said fixed

g gy
——

f device has extracted the freshly

20 platen after said take o:

molded parts from between the fixed platen and the moving

platen;

a cooling device coupled to said movable platen and

configured to extract molded parts carried by said take off

25 device, and to eject the molded parts from said cooling device

at an ejection station; and

a cooling device actuator configured to rotate said

cooling device about an axis to eject the molded parts.

30 12. An injection molding machine according to Claim 11, wherein

p— -y
—

aten causes:

the movement of said moving p

the cooling device to engage with the take off device

when 1in i1ts outboard position; and

the core half to extract freshly molded parts from the

35 cavity half, and simultaneously the cooling device to extract

parts from the outboard take off device.

13. An injection molding machine according to Claim 11, wherein

1

said cooling device includes at least two different types of

40 cooling structures.
23
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14. An injection molding machine according to Claim 11, wherein

g—

device 1ncludes multiple sets of carriers, each

said takeo

set of carriers being configured to hold the freshly molded

parts from one molding operation.

15. An injection molding machine according to Claim 14, wherein

sald cooling device includes multiple sets of cooling pins,

F

each set of cooling pins being configured to hold the freshly

molded parts from one molding operation.

16. An injection molding machine according to Claim 15, further

comprising vacuum channels disposed i1in said cooling device for

extracting the molded parts .from said take off device and for

ejecting the molded parts.

17. An injection molding machine according to Claim 11, whereiln

said take off device 1s coupled to a top of said fixed platen.

18. An injection molding machine according to Claim 11, wherein

-~
pu—

f device coupled to a side of said fixed platen.

saild take o:

19. An injection molding machine according to Claim 11, further

comprising a moveable carrier coupled to and supporting said

cooling device.

20. An injection molding machine according to Claim 19, further

comprising a releasable linkage releasably coupling said

cooling device to said movable platen.

21. An injection molding machine according to Claim 20, wherein

sald movable carrier is configured to be coupled to a conveyor.

22. Molded part transfer apparatus for an injection molding

machine having a fixed platen and a moving platen, comprising:

ey g

a take off device coupled to the fixed platen and

configured to extract molded parts from the injection molding
machine; and

a cooling device coupled to the moving platen and

configured to cool the parts carried by said take off device.
24 |
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23. Molded part transfer apparatus for an 1injection molding

machine having a fixed platen and a moving platen, comprising:

a take off device configured to move only linearly

with respect to the fixed platen, said take off device moving

P
Pl

to a plurality of outboard positions with respect to the fixed

platen; and

a cooling device configured to move rotationally with

respect to the moving platen.

24. Molded part transfer apparatus for an injection molding

machine having a core half and a cavity half, comprising:

g

a take off device configured to remove molded parts

—

from one of the core half and the cavity half;

a cooling device configured to cool the molded parts

g

carried by said take off device; and

movement control structure configured to cause:

p—

(1) simultaneous relative movement of the core

half toward the cavity half, and the cooling device toward the
take off device; and
(11) simultaneous relative movement of the core

halft away from the cavity half, and the cooling device away

rrom the take off device.

25. Molded part transfer apparatus for an injection molding

machine having a fixed platen, and a movable platen, the molded

part handling device comprising:

a take off device configured to remove molded parts

from between the fixed platen and the moving platen; and

a cooling device coupled to the movable platen and

configured to cool the molded parts carried by said take off

device, sald cooling device including (1) cooling pins

configured to cool interiors of respective molded parts, and

(11) ©pressurized cooling devices configured to pressurize

interiors of respective molded parts.

p—
p—

26. Molded part transfer apparatus for an injection molding

machine having a fixed platen, a movable platen, comprising:

. -
—

a take off device coupled to the fixed platen;

a rotatable frame mounted on the moving platen;
25
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a cooling pin/part removal device mounted on said
rotatable frame; and :

control structure which causes (1) the simultaneous

movement of the moving platen with respect to the fixed platen,

and said cooling pin/part removal device with respect to said

27 .

to ejec:

p—

C pars

take off device, and

p—

sald rotatable frame

(11) the rotation o:

cs from said cooling pin/part removal device.

Molded part transfer apparatus for an injection molding

machine having a fixed platen, a movable platen, a core half,

and a ce

take o1

a

g p—
e

carriers,

p—

vity half,

—

take off

device having a plurality of sets of molded part

comprising:

device coupled to the fixed platen, said

each set of molded part carriers corresponding to a

number of molded parts molded in one molding operation; and

a cooling device coupled to the moving platen, said

g—

cooling device having a plurality of sets of cooling fixtures,

each set

molded par

of cooling fixtures corresponding to a number of

sald sets of cooling

O

f cooling

fixtures.

g

cs molded 1n one molding operation, at least one of

fixtures being different from another set
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