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critical the injection nolding process because it affects the
quality of the article and inpacts the overall 20 i njection cycle tine.
Thi s becones even EFORM (HOST-MORDapEbi.TRG i O ND IPPA alline

resins are used, such as theB%&%dlf_q} d;pl#’ Qw.&@pref_orms. Af ter
injection, the PET-resin re ace-for cooling for a
suf fici ent peri%@edﬁr%$¢ﬁ¥tkﬁﬁﬁn§¢@ﬁtrﬁéﬁﬁﬁﬁib@ ofmethos @And mppaFatus
portions apgrtfobdisy dMe dyAfigmphaseoki dbidedel £ el N agted: Two
thlng§ typlcalég hgﬁ néf a reforn1|i ragldly ejected froma nold in
order °t o r BHGERIRS {gkﬂ (§IRF1E; OFhBULHLIBLR | BAt ¥ istlss Suchhast pRastis t hat
the prefornesin®ot In particular, the invention teaches a rapid injection
molding process where the molded articles, such as PET

preforms, are ejected from the mold before the cooling step is

complete. This is possible as a result of the utilization of a
10 new post-mold cooling process and apparatus where the preforms
are cooled internally by convection heat transfer, after being
removed from the mold and retained outside the mold area. The
present “Envention alsoc teaches additional external cooling,
done through either convection or conduction heat transfer,

I

15 which may take place at least partially simultaneously with the
internal cooling.

Proper cooling of molded articles represents a very
critical aspect of the injection molding process because it
affects the quality of the article and impacts the overall

20 injection cycle time. This becomes even more critiéal in
applications where semicrystalline resins are used, such as the
injection molding of PET preforms. After injection, the PET
resin remains in the mold cavity space for cooling for a
sufficient period of time to prevent formation of crystalline

25 portions and to allow the preform to solidify before being
ejected.

Two things typically happen if a preform is rapidly
ejected from a mold in order to reduce the cycle time of the
injection process. The first is that the preform is not

30 uniformly cooled. In most instances, the bottom portion
opposed to the mold gate is crystallized. The amount of heat
accumulated in the walls of the preforms during the injection
process will still be high enough to induce post molding
crystallinity especially in the gate area of the preform. The

35 gate area is a very critical spot because cooling of the mold
in this portion is not effective enough and also because the
resin in the mold cavity space is still in contact with the hot
stem of the hot runner injection nozzle. If this area of a
preform remains crystalline above a certain size and depth,

1



30 uniformy cooled. In nost instances, the bottom portion opposed to
the nold gate is crystallized. The anount of heat accunulatﬁeT 9§£h malls
of the pref MOAS58¥Pi ng the injection process will still g@ﬁenoug
i nduce post nolding crystallinity especially in the gate area of the
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nmold in this portion is not effective enough and because the resin in
the nol d cibptytBaPEefEr® i}l ke EBHtﬁEFtwﬂ¥4quﬂ§|ﬁﬁP D FESPTPRE hot
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S 5 a thicker wall and thus retalns more heat than the other
portions. This neck portion needs aggressive post-mold cooling
to prevent it from becoming crystallized. Also aggressive
cooling tends to make the neck solid enough to sustain further
manipulations.

10 Many attempts have been made in the past to improve the
cooling efficiency of PET injection molding systems, but they
have not resulted in a significant improvement in the quality

=" of the mblded preforms or a substantial reduction of the cycle
time. Reference is made in this regard to the US Patent

15 4,382,905 to Valyi which discloses an injection molding method
where the molded preform is transferred to a first tempering
mold for a first cooling step and then to a second tempering
mold for a final cooling step. Both tempering molds are similar
to the injection mold and have internal means for cooling their

20 walls that make contact with the preform during the cooling
process. Valyi ‘905 does not teach the provision of cooling
devices located on the means for transferring the preforms from
the molding area or additional cooling devices that circulate a
fluid coolant inside the molded parison.

25 US Patent 4,592,719 to Bellehache discloses an injection
molding method for fabricating PET preforms where molded
preforms are removed from the injection cores by a first
movable device comprising vacuum sucking devices for holding
the preforms and also comprising air absorption (convection)

30 cooling of the outer surface of the preform. A second cooling
device is used by Bellehache ‘719 in conjunction with a second
movable device to further cool the inside of the preforms also
by ailr absorption. See Fig. 22 herein. Bellehache ‘719 does
not teach cold air blowing inside a preform which has a

35 significantly higher cooling effect with respect to sucking or
absorbing ambient air and also does not teach cooling means by
conduction heat transfer located in intimate contact with the
preforms wall and air blow means directed to the dome portion
of the preforms. Bellehache suffers from a number of
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prefornms or a su stan I bn I me.” Reference is nade in
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injection g difiRdBihOtoMaehe Ebfe "BhEethd @D MBS alkealsf eheefoi@ a first
tenpering core is cooled by a coolant that does not make contact with the
molded preform. A cooling tube larger than the preform is
placed around the preform to blow cooling air around the
10 preform. The principal problem with the apparatus and method
shown in these patents is that the preform is retained in the
mold core and this significantly increases the cycle time.

!

Also inté#rnal cooling is not achieved by direct contact between
coolant and the preform.

15 Further reference is made to US Patents 5,114,327, -
5,232,641, 5,338,172, and 5,514,309 that teach a preform
internal cooling method using a liquid coolant. Preforms
ejected from a mold are transferred to a preform carrier
having vacuum means to retain the preforms in place without

20 making contact with the preforms’ external wall. The preforms
carrier however does not have any cooling devices. Cooling
cores are further introduced inside the preforms retained by
the carrier and a cooling fluid is blown inside the preforms to
cool them. The coolant is further removed by the same vacuum

25 means that retain the preforms from the chamber surrounding the
preforms. These patents do not teach blowing cold air inside a
preform where the air freely leaves the preform after cooling.
These patents also do not teach simultaneous cooling of the
preforms internally and externally or a preform carrier having

30 cooling means. See Fig. 21 shown herein.

Further reference is made to Japanese Pat. Discl. 7-171888
which teaches a preform cooling apparatus and method. A molded
preforms robot carrier is used to transfer the preforms to a
cooling station. The robot includes external cooling of the

35 preforms walls by conduction thermal transfer using a water

coolant. The cooling station comprises a first movable transfer

robot that has a rotary hand portion including vacuum means for
holding the preforms and also external cooling of the preforms
walls by conduction thermal transfer. The molded preforms are
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cooling which is employed is shown in FIGS. 19 and 20 herein.

This patent does not teach a cooling method where internal and
10 external cooling are performed as soon as possible from the
moment the preforms are ejected from the mold and into a
carrier plate. It also does not teach simultaneous internal and
externai®cooling of the preforms while they are retained by the

movable robot carrier. Therefore, this cooling method is not

p

15 fast enough and does not prevent crystallinity formation -
outside the mold.
Figures 19 and 20 show known methods of internally cooling
preforms where a cooling device is located outside the preform
and is used to blow cool air inside the preform. Because the
20 air nozzle is located outside the preform, the incoming cold
air flow will inevitably interfere and mix at least partially
with the outcoming warm flow. This will significantly reduce
the cooling efficiency. If the cooling device is on the same
axis with the preform, the approach of Figure 19 is ineffective
25 because there is no air circulation in the preform. If the
cooling device is laterally shifted as in Figure 20, internal
air circulation is achieved, but this is still ineffective
because one side of the preform is better and faster cooled
than the other. The coolant has a quasi-divergent flow profile
30 with a non-symmetrical profile. fThis profile is very
ineffective and it does not allow to concentrate the cooling
fluid/gas towards the sprue gate or dome portion.

SUMMARY OF THE INVENTION
It is a principal object of the present invention to
35 provide a method and apparatus for producing preforms which
have improved cooling efficiency.




movabl e device to further cool the inside of the prefornms also by air
absorption:_See Fig. 22 herein. Bellehache ' 719 does not tegehnc@kslsoas r

bl owi ng i nsP&P?2%¥ef or m whi ch has a 35 significantly highepﬁgooling
effect with respect to sucking or absorbing anbient air and al so does not
teach cooling means by fottect obhebtadf t e PratsdrC dinedntiohntbonpreviaat act

the pr of or e BB Gt AERREACEReor BRFES sl Booscs byprEaRE Rkihe”
PCT/ US98/ lidg2o kst iayiadnidiyes i ncl udi ng | ess cooling efficiency, |ess
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5 provide a method and apparatus as above which reduce overall
cycle time.
The foregoing objects are obtained by the apparatus and
method of the present invention.
In one embodiment, the innovative molding and cooling
10 method of the present invention includes removing the preforms
from the mold before the preforms are fully cooled inside the
mold, i.e. the preforms retain a certain amount of heat that
may poteritially crystallize the sprue gate portion, the neck
finish portion or the entire preform; retaining the preforms
15 outside the molding area; and internally cooling the preforms_
by convection heat transfer so that crystallization does not

p

occur in any of those regions.
In another embodiment, the innovative molding and cooling
method of the present invention comprises removing the preforms
20 from the mold before the preforms are fully cooled inside the
mold, i.e. they still retain a certain amount of heat that may
potentially crystallize the sprue gate portion, the neck finish
portion or the entire preform; retaining the preforms outside
the molding area; internally cooling the preforms by convection
25 heat transfer so that crystallization does not occur in any of
the aforementioned regions, said cooling step comprising
placing the coolant in direct contact with the preform; and
externally cooling the preforms by convection heat transfer so
that crystallization does not occur in any of the
30 aforementioned regions. The external cooling step may be
performed simultaneously, at least partially simultaneously, or
sequentially, with respect to the internal cooling step.
In yet another embodiment, the innovative molding and
cooling method of the present invention comprises removing the
35 preforms from the mold before the preforms are fully cooled
inside the mold, i.e. they still retain a certain amount of
heat that may potentially crystallize the sprue gate portion,
the neck finish portion, or the entire preform; retaining the
.preforms outside the molding area; internally cooling the



deformation. US Patent No. 5,176,871 and 5,232,715 show a preform5
cooling nethod and apparatus. The nol ded preforn1|s retalnedFEXJ%gﬁ
i nj ection nMAA$E038ore outside the nold area. The nold core ST by a
cool ant that does not make contact with the nol ded preform A cooling tube
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cool ant. PLefpifi®ntioned regions. The external cooling step may be
performed simultaneously, at least partially simultaneously, or
sequentially with respect to the internal cooling.
In each of these embodiments, the preforms are ejected

10 from the mold and are retained external to the mold by means
independent of the mold such as for example a movable take-off
plate. Such independent retention means may retain one batch

=" of molded preforms -or several batches of preforms
simultaneously. When several batches are held by the

15 independent means, the batches will have different temperatures
because they were molded at different times. According to the
present invention, the molded preforms will be cooled in
different sequences internally and externally using the cooling

" method of the present invention. In each embodiment of the

20 present invention, internal cooling is done using means, such
as cooling pins, that enter at least partially inside the
preform and circulate coolant therein. Cooling is
preferentially done by a quasi-symmetrical flow of coolant
delivered inside the preform that can be directed towards the

25 portions of the preforms that need more cooling than the
others, such as the sprue gate and the neck finish. In a
preferred embodiment of the present invention, the coolant is
directed toward the bottom or dome portion of the preform so as
to create an annular flow of coclant.

30 In certain embodiments of the present invention, the
innovative internal cooling of the preforms is supplemented by
external cooling that can be done in several ways. For
example, the external cooling can be done on a take out plate
(single or multiple position) that has cooling means operative

35 using either conductive (cooled water) or convection (air/gas)
heat transfer. It also can be done on a take out plate (single
or multiple position}) that does not have cooling means whereby
the preforms are only partially in contact with their holders.
In this way, cooling gas/air can be delivered by an independent
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cool i ng apparatﬁil %%nova%gve cogPlng approach of the present invention
in one embodiment may be achieved by removing the preforms or

molded articles from the mold, holding the preforms or molded

10 articles in a robot take-off-plate having a system for cooling

the exterior surfaces of the preforms or molded articles, and
thereafter engaging cooling means inside the preform or molded

p

‘article®to effect simultaneous cooling of the exterior and

interior surfaces. According to.the present invention, an

15 additional cooling step is introduced whereby the temperature
of the preform is reduced using heat transfer by convection,
such as by circulating a cooling gas inside the preform.

The method and apparatus according to the present

invention, as previously discussed, can be advantageously used

20 to prevent crystallization in the most critical areas of
preforms, namely the bottom part or the dome portion where the
sprue gate is located and the neck portion. Further, the
cooling method and apparatus of the present invention can be
integrated into an injection-blow molding machine where the

25 cooled preforms with no crystallinity are further temperature
conditioned and blown into bottles.

In accordance with one aspect of the present invention, a
method for preventing crystallization in an injection molded
preform by enhanced out of the mold cooling comprises injecting

30 a molten material into a mold formed by two mold halves or
plates which in a mold open position are spaced apart so as to
define a molding area; cooling the molten material while in the
mold cavity space formed by the mold halves up to a temperature
substantially close to the crystal-glass transition temperature

35  of the molten material so that the molded article can be
mechanically handled outside the mold without suffering any
geometrical deformation; opening the mold halves by a distance
sufficient to allow a molded article carrier to be moved
between the two mold halves; ejecting the molded articles from

7



preforns robot carrier is used to transfer the preforns to a cooli.ng
station. The robot includes external cooling of the 35 g&ﬁﬁg@gggwglls by
conduct i onWhEYWE® transfer using a water cool ant. The cooling station
conprises a first novable transfer robot that has a rotary hand portion
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to transfer e preforns (cooled so far
5 articles by convection heat transfer until each molded article

is substantially free of any crystallized portion. The same
method can be implemented using a movable carrier including.
convective heat transfer means for external cooling.
In accordance with one aspect of the present invention,
10 the apparatus for forming a de-crystallized, injection molded
" article comprises a mold having two mold halves which can be
moved between a mold closed position and a mold open position;
=~ means fo# injecting molten material into the mold while the
mold halves are in the mold closed position; means for cooling
15 the molten material in the cavity space formed by the mold -
halves up to a temperature substantially close the crystal-
glass transition temperature of the molten material so that the
molded article can be mechanically handled outside the mold
without suffering any geometrical deformation; means for
20 opening the mold so that the mold halves are spaced apart a
distance sufficient to allow a molded article carrier to be
moved in between the two mold haves; means for ejecting the
molded articles from the mold; means for transferring the
molded articles to the movable carrier; said carrier having
25 means for holding the preforms and for cooling the molded
articles by heat transfer conduction to reduce crystallinity;
and means for further internally cooling the molded articles by
convection heat transfer until each molded article, preferably
the entire article, is substantially free of any crystallized
30 portion, particularly in the mold gate area. The same method
can be implemented using a movable carrier with conductive heat
transfer means for external cooling.
As used herein, the terms "take-off plate", "take-out
plate" and "end of arm tool" are used interchangeably and refer
35 to the same structure(s).
Other details of the method and apparatus of the present
invention, as well as other objects and advantages attendant
thereto, are set forth in the following detailed description
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Fig. 2 is a schematic representation of a preform in the
mold;
Figs. 3{a) and 3(b) show the temperature gradient across
the walls of a molded preform during cooling;
10 Fig. 3c shows the temperature profile along the preform
walls.

= Fig- 4 is a sectional view showing a prior art injection

p

mold;
Fig. 5 is a sectional view showing a movable robot -
15 including an end-of-arm-tool (EOAT) device placed in the
molding area between the stationary and movable mold plates;

Figs. 6(a) and 6(b) are side views showing an embodiment
of the present invention including a robot take-off-plate (or
end of arm tool, EOAT) and a frame holding cooling pins;

20 Figs. 6(c) and 6(d) are front views of the embodiment of
Figs. 6(a) and 6(b);

Figs. 7(a) - 7(d) shows the frame and the cooling pins
according to a first embodiment of the present invention;

Figs. 8(a) - (g) shows several cooling pin designs

25 according to the present invention;

Figs. 9(a) and 9(b) illustrate a more detailed view of the
cooling pins according to two embodiments of the present
invention;

Fig. 10(a) shows a preform having crystallized zones as

30 they are generated in prior art methods;

Fig. 10(b) shows a preform without crystallized zones as
it results after the method of the present invention;

Figs.'ll(a) = 11(1) show another embodiment of the frame
and cooling pins according to the present invention;

35 Fig. 12 is a sectional view of a system wherein air
cooling channels are incorporated into the mold halves;

Figs. 13(a) and 13(b) are side views of another embodiment
of the cooling system of the present invention;



and is used to blow cool air inside the preform Because the 20 air
nozzle is located outside the preform the incomng cold alfg@M@ y&ﬁi

i nevitably M®¥BPBPe and nmix at least partially with the out¢om ng warm
flow This-will significantly reduce the cooling efficiency. If the cooling
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INVENTlcmattached to the take-off-plate;
Fig. 16 illustrates an embodiment of the present invention
wherein a take-off plate with no cooling means is used to
10 remove the molded preforms from the molding area;
FIG. 17 illustrates the construction of an alternative
cooling pin in accordance with the present invention;

* - FIGF. 18(a) and (b) illustrate the construction of yet

another alternative cooling pin in accordance with the present

p

15 invention; _ -
FIGS. 19 and 20 illustrate prior art methods for cooling
the interior of a preform;
FIG. 21 illustrates another prior art system for cooling
the interior and the exterior of a preform;
20 FIG. 22 illustrates a prior art system using the sucking
of ambient air to cool a preform; and
FIG. 23 illustrates an alternative frame construction with
cooling pins on multiple surfaces of the frame.

DETAILED DESCRIPTION OF THE INVENTION
25 Referring now to the drawings, Fig. 1 is a graph showing

the evolution of preform temperature vs. time during and after
the injection step. Fig. 2 is a schematic representation of a
preform while it is in the mold. As can be seen from this
figure, cooling while in the mold is typically effected by

30 cooling tubes 12 and 14 positioned within the mold cavity 16
and the mold core portions 18 respectively. As a result,
cooling is effected from both sides of the preform 11.
Further, as shown in Fig. 2, the mold cavity plate 16 typically
has a gate region 20 at which the bottom part or the dome

35 portion 22 of the preform 11 is formed. The preform has a neck
finish portion 13 which sometimes has a thick wall which is
difficult to cool to prevent crystallinity.

10



It is a principal object of the present invention to 35 provi de a net hod
and apparatus for(ﬂ&r oduci ng preforms which have inproved coglirfifos/14972

ef fi ci ency. W2 99508 99/ 50039

PCT/U898/14972 It is a further object of the present invention to provide a
met hod and appanfzajsus 392 )abade 3\\B) CEhew Othie et dniRiratil-ehgybgehipaoress

2 et hod St 3B e S Eo ARSI OhAF SF A BHLME GUSRre cyrd - 18) g °°
f or egoi ng ﬁmag@mm graddeny ihsideptheitnmidanshile Fig. 3(b) shows
the temperature gradient outside the mold. Fig. 3(c) shows the
5 temperature profile along the preform'walls. The tenmperature
spike represents the temperature in the dome or sprue gate
portion of the preform.
Referring now to Fig. 4, an injection mold is provided
which includes a stationary mold half or plate 32 having an
10 array of mold cavities 34 and a movable mold half or plate 36
having an array of mold cores 38. The mold cavity plate 32 is
in fluid communication with a magifold plate (not shown) that

p

- receives®molten material from an injection unit (not shown) of
an injection molding machine. The mold cavities 34 receive the

15 molten material from hot runner nozzles (not shown), such as _
for example a valve gated nozzle (not shown), through mold
cavity gates 40. The mold cavities are each surrounded by
cooling means 42 for cooling the molten material in the cavity
space formed by the mold core 38 and the mold cavity 34 when

20 the mold plates 32 and 36 are in a mold closed position. The
cooling means 42 are preferably formed by cooling channels
embedded within the mold plate 32 for conducting a coocling
fiuid. As previously discussed, the mold cores 38 and the mold
cavities 34 form in the mold closed position a plurality of

25 mold cavity spaces (not shown) that are filled with molten
material through the mold gates 40 during the injection step.
The mold cores 38 also include means 44 for cooling the molten
material in the cavity space. The cooling means 44 preferably
conprise a cooling tube within each mold core. The mold core

30 plate 36 further includes an ejector plate 46 which is used to
remove the molded preforms 48 from the mold cores 38. The
operation of the ejector plate 46 is well known in the prior
art and does not form part of the present invention. In fact,
the ejector plate 46 may comprise any suitable ejector plate

35 known in the art.

According to the current invention, any molten plastic,
metal or ceramic material can be injected into the mold cavity
space and cooled into a desired article using the mold system
of Fig. 4. 1In a preferred embodiment of the current invention,

11



met hod of the present invention. In one enbodi nent, the innovative nolding
and cooling 10 nmet hod of the present invention includes EW%. e
preforns fro@®PR%ol d before the preforns are fully cooledﬁlnsﬁgggwﬁe.
nold, i.e.-the preforns retain a certain anount of heat that may

pﬁt ential | yher ]ghaualahi iﬁ&t{gf\_saﬁpwh@mata?apahbilgmdécheam_ ; o i %hlpgférfbmn or
the entire prefar etaj ning t pref or ns out si.de _t i_ng.area;
and © nt er ndCPTRIOR; FG ERE Thetuina e nERDeBeTBY e S MEIGer " ArnA,
crystal |l i zaeinomldoebenat poetorn imedenpfofiorbhotkan espematdmiadnotsneh as
enbodi nent , ' kMEs h N é%y@ obgAg t %g?g ;

I nvention Cfﬁp%%@é?%i&ﬁ%%‘/?ﬁﬂt%}ﬁ% %re orl%g 58@ aﬁ?r%d?ﬁ%r I c?&rbe:?%r%.l?ﬁe
pref offs aM@teFipy 86heds| HY R¥amdendV@-i . e. they still retain a certain
anount of heat hBalisMRiowRt EMttrd lartGr ushabkbeR {dHansHidiE Al ozdhnl @he t he

neck fImsrr‘nold, injecting the molten material into the cavity space,
initiating cooling of the cavity space, filling the cavity
space, holding the molten material under pressure, performing
10 final in-mold cooling, opening the mold, ejecting the
solidified articles or preforms from the cores and transferring
the articles or preforms to a take-off plate. According to
=" -the preaent invention, in order to reduce the overall cycle
time, the residence time of the preform in the mold has to be
15 ninimal so that the mold is able to produce batches of preforms
as fast as possible. The problem with a reduced residence time
in the mold is that the cooling time has to be reduced, but in
such a manner that the molded articles or preforms are solid
enough to withstand all the subsequent handling steps without
20 deformation. A reduced cooling time is a problematic option
because the articles or preforms are not sufficiently and
uniformly cooled by the cooling means 42 and 44. The amount of
heat retained by the article or preform after being cooled
inside the mold for a reduced time and immediately after
25 opening the mold is very significant and depends on the
thickness of the molded article or preform. This internal heat
has the potential to generate crystallized portions at the
sprue gate area or dome portion of the molded article or
preform, the neck finish portion of the molded article or
30 preform, or the entire preform. In order to prevent the
crystallization of the molded article or preform, a very
aggressive cooling method has to be used. During cooling,
attention must be paid so as to control the shrinkage of the
molded articles which can adversely affect their final
35 dimensions.

Fig. 5 illustrates one embodiment of a robot take-off
plate 60 which can be used in the cooling method of the present
invention. The take-off plate 60 includes a plurality of
hollow holders or receptacles 62 which can be water cooled

12



portion or the entire preform retaining the preforns outside the nolding
area; int er'%;gsomol i ng the prefornms by convection 25 hgdrnigesngdrer so
that crystallization does not occur in any of the aforenmentioned regions,
said cooling step conprising placing the coolant in direct contact with the
preform arfgbester Bxpligat obdkerpihe ntefsoming chymapnbectsed fematthe draieer so

that cryst ldd zahkaNeHOgSe "GhoReCil v FRLn® Nbhes30s7 176 A SEMd e Lt
regions. The external coolin st%P nmay be perforned sinultaneously, at
| east part i@+l $Pgi A Pﬁn@%ﬁ%?‘g‘? 5 %é{é’ht RE Py, 237 t horkeber¥, 1Tt hdoth
internal ced whycht ape incyspormiidiary erdredienest hetdeni NNoy adperaatiin]i ng
et ofs. £ E50 PRSCHoPS B EpERFly ShAERa RO hre SLIGR Wi dbe e
mol d, i.e. moddyceres| 38eofi the neld gilatedént Otahsfier tdRitthmyngiatesht i al | y
crystal 11 zerehe188" ¥8 €81 €n@XKdidhs 62 is effected by operation of the
ejector plate 46. According to the present invention, the
take~off plate 60 can be provided with a number of holders 62
10 equal to the number of mold cores 38 or a larger number of
holders 62 such as a multiple of the number of mold cores, for
example three or four times the number of mold cores. By
=-- having mere holders 62 than the number of cores 38, it is
possible to retain some of the molded articles for a time
15 longer that a single molding cycle and thereby increase the
cooling time while mainfaining a high output of molded
articles. The method of the present invention can be carried
out irrespective of the relative number of molded articles
retained by the holders 62. Nevertheless, in the preferred
20  embodiment of the invention, the robot take~off plate 60 has a
number of holders 62 which represent three times the number of
cores 38. This means that the take-off plate 60 does not
always carry a number of preforms or molded articles egual to
the number of holders 62. This also means that a single batch
25 of preforms can be moved back more than once into the mold area
between the mold core and cavity plates to pick up other
batches of molded articles, while being cooled by intimate
contact between the hollow tubes 64 within the take-off plate,
which tubes 64 carry a cooling liguid such as water, and the
30 external wall of the preforms as shown in more detail in the
aforementioned US Patent No. 5,447,426. The heat transfer
between the tubes 64 and the hot molded articles released from
the mold is performed through conduction. More particularly,
any solid material incorporating any cooling means can be used
35 and brought into intimate contact with the exterior wall of the
molded articles to cool the molded articles. By using a
cooling system based on heat transfer through conduction
implemented through an intimate contact between the molded
article or preform and the cooling means, the shape of the

13



the neck finish portion, or the entire preform retaining the preforns
outside the nolding area; internally cooling the WO 99/5

PCT/ US98/ 149PP%5P®Por ns by convection heat transfer so that ggfl)?/]g?séﬁ?'lnzat i on
does not occur in any of those regions, said internal cooling step
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5 transfer means. Any suitable convective heat transfer means
known in the art may be used with the take-off plate 60 to
effect cooling of the exterior surfaces of the molded articles
or preforms carried by the take-off plate 60.
Referring now to Figs. 6(a) and 6(b), an additional
10 cooling device 70 is used in conjunction with the robot take-
off plate 60 to enhance the post-mold cooling efficiency by
allowing simultaneous cooling of the interior and exterior
=" -gurfaces* of the molded articles or preforms by convective heat
transfer and thus reduce the cycle time and improve the guality
i5 of the preforms. The additional cooling device 70 includes an
array of elongated cooling pins 74 whose role is to deliver a
cooling fluid inside the molded articles held by the take-off
plate 60. In a preferred embodiment of the present invention,
the cooling fluid is mostly directed and deliverea directly
20 into the dome (sprue gate) portion 22 of the molded article or
preform, which portion has the highest chance to become
crystalline due to the reduction of the cooling time in the
mold. The cooling fluid is introduced so as to create an
annular flow pattern. According to the present invention, the
25 cooling fluid could be any appropriate coolant, such as for
example a liguid or a gas. In a preferred embodiment of the
present invention, the cooling fluid is pressurized air
delivered at through a channel 90 located inside the cooling
pin 74. This aspect of the present invention is shown in more
30 detail in Fig. 9(a).

Fig. 9(a) illustrates a cooling pin 74 in accordance with
the present invention positioned within a preform or molded
article 48 being cooled. In order to create an optimum flow of
the cooling agent, the cooling pin 74 is introduced deep inside

35 the preform 48 so that the cooclant can reach the dome or sprue
gate portion 22. More than that, the cooling pin 74 acts as an
additional cooling core. The cooling pin 74 also contributes
to the creation of an annular flow pattern which has a higher
cooling potential than other cooling flow patterns. Also by

14



10 fromthe nold and are retained external to the nold by rreans

| ndependent 9$w§nnld such as for exanple a novabl e take- 3&5?8 72 SUCH
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several batches of preforns sinmultaneously. Wen several batches are held
by the 15 us:.ngd'\e)perld@%l rﬁr&ﬂl&.ngt REnbak¢hehe WMhdokiaieg BiJvfrﬁr&ltd air and

t enper at ur nDIde t.different According.to the
present i ngéﬁplgﬁdﬁya pre Sh?%ﬁlwl SeRA rl'tﬁ‘% t&ﬂ"’fsf FEE %
sequences mnxenGaﬁfythmdU%XIernalIy usi'ng the cooling nethod of t he present

invention. In gacky&rbotd reeiny, gf(aghetgg coolP:[x?igﬁr} ﬂ\t/q_rg ha&nal

cooling is done using, means, such cool I'n hat “enter : ast
partidally Fﬁ§F’H€1H‘|eWJp"F}é’F1br"?ﬁearPﬂ'ecfPF@uPEt mo @)%ﬂ eﬂﬁtlt%,elmef@?@hlﬁg 5pPs

preferenti ehhy EReccdytiaXussis Dokl thal cbbPinPip P2l daligheaeditasi de
the preforghthgén réhtﬁafﬁr (§‘§% %ge Eggfggg. As can be seen from this
figure, the outer wall 224 of the cooling pin 74 in an upper
region UP is spaced from the inner wall 226 of the preform by a
10 distance D. Additionally, the outlet nozzle 92 of the cooling
pin 74 is spaced from the inner wall 228 of the dome portion 22
by a distance d. 1In order to create the desired annular flow
pattern™f cooling-fluid, it is preferred that the ratio of d:D
be within the range of about 1:1 to about 10:1. It is also
15 highly desirable that the outlet nozzle 92 of the cooling pin._
be formed by a divergent nozzle construction. While it is

{

preferred to use a divergent nozzle for the outlet 92, it is
possible to form the outlet 92 from a straight walled nozzle
construction.

20 Because cooling pin 74 goes deep inside the preform and
behaves like a cooling core as well, the pattern of outcoming
warm air that freely escapes from the preform has an annular
shape.

While a preferred construction for the cooling pin has

25 been shown in Fig. 9(a), as shown in Figs. 8(a) through 8(g),
17 and 18, the cooling pins 74 can have various sizes and
shapes to achieve various cooling effects. For example, as
shown in Fig. 8(a), the lower portion LP of the cooling pin may
have a diameter D, which is different from the diameter D, of an

30 upper portion UP of the pin. As shown in Figs. 8(a) through
8(c), the upper portion UP of the pins may have different
shapes. Referring to Fig. 8(d), the cooling pin 74 may have
lateral outlets 82 for discharging a cooling fluid onto side
walls of the molded article where crystallinity may occur. As

35 shown in Fig. 8(e), the cooling pin 74 could have helical
grooves 84 to obtain specialized cooling effects. Similarly in
Fig. 8(f) and 8(g), the cooling pin 74 could have a plurality
of ribs 86 spaced about its periphery or a plurality of contact
elements 88.

15



25 portions of the preforns that need nore cooling than the others, .such

as the sprue_gate and the neck finish. In a preferred enbodi nen f the
pr esent invé%‘??%?ﬂ(’”[ he coolant is directed toward the bottorﬁ%/é%fgﬁﬁgn

portion of the preformso as to create an annular flow of coolant. 30
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ol i ng of o) i up ment e y_external™ Coo
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operative ' | ngdyct § ( ed watgr) _or..convec
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mul ti gl e pH3P tPHN)bs IBRACEGe 21058 - Kheelensth ef rdwnsosidngbpinhso pasfio ns
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gas/air can be fﬁgiéggf?%gb¥i%g 52dgg§ngngade from any suitably
thermally conductive or thermally insulative material. If
desired, as shown in Fig.17, the cooling pin 74 may be made
10 from a porous material 232 so that additional coolant can be
spread in a very uniform manner on areas of a preform other
than the dome or sprue gate portion 22.

= In & preferred- embodiment of the present invention, the

!

design of the cooling pin 74 is intended to concentrate maximum

15  cooling at the sprue gate or dome portion 22 of the molded -
article 48 and thus aggressively focus the cooling fluid to
cool this region. In this way, molded articles such as
preforms free of crystallized areas in the sprue gate or dome
portion 22 can be formed.

20 An alternative pin construction with a cold air blowing
system which can be used in the appafatus of the present
invention is illustrated in Fig. 9(b). As shown therein, the
pin 74 has a cold air blowing channel 90 having an outlet 92
for directing cold air against the interior surfaces of the

25 molded article 48, preferably the dome or sprue gate portion 22
of the molded article. The channel 90 communicates with a
source of cold air (not shown) via the inlet 94. The cooling
pin 74 is further provided with a vacuum channel 96 for
removing the cooling air from the interior of the molded

30 article 48. The vacuum channel 96 may be connected to any
desired vacuum source (not shown}. As can be seen in Fig.
9(b), the cooling pin 74 is mounted on a portion of a frame 98
by sliding pads 100, which are used for pin self-alignment, and
a fastening means such as nut 102. The nut 102 can be secured

35 to the element 104 which has an exterior threaded portion (not
shown) .

Referring now to Figs. 6 and 7, the array of cooling pins
74 is mounted onto a cooling frame 98 which can be made of a
lightweight material such as aluminum. According to the
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take-off plate 60 reaches its final out of mold position. Any
5 suitable means known in the art may be used to move the frame
98 so as to advance it at a high speed so that the cooling pins
74 can be immediately introduced inside the molded article. In
a preferred embodiment of the present invention, the frame 98
is moved using hydraulic cylinders 110. According to the
10 present invention, the number of cooling pins 74 can be the
same or less than the number of receptacles 62 in the take-off
plate 60. According to the present invention, the take-off
" plate 6% is provided with means for holding the molded

!

articles or preforms 48 within the receptacles 62 such as

15 suction means (not shown), and with means for ejecting the
preforms from the take-off plate. The holding means and the
ejection means may be those disclosed in the aforementioned US
Patent No. 5,447,426 which has been incorporated by reference
herein. As shown in Figs. 6{c) and 6(d), the cooling frame 98

20 is provided with a plurality of spaces 112. The spaces 112
allow finally cooled molded articles or preforms ejected from
the take-off plate 60 to be dropped onto a conveyor 114 for
transportation away from the system. In a preferred embodiment
of the present invention, the fully cooled preforms 48 are

25 dropped onto the conveyor 114 through the spaces 112 by
laterally shifting the cooling pins 74 relative to the
receptacles 62 holding the preforms that have to be ejected
from the take-off-plate 60. This is the case when the cooling
frame is in a horizontal position. When the cooling frame is

30 in a vertical position, it does not interfere with the preforms
dropped by the take-off-plate.

Referring now to Figs. 7(a) and 7(b), a first array of

cooling pins 74 is illustrated. As can be seen in Fig. 7(b),
the cooling pins 74 each have cooling air passageways 90 which

35 communicate with a source of cooling air (not shown) via the
passageway 122. Incorporated into the passageway 122 are a
number of air valves 124 which can be used to regulate the flow
of cooling air. 1In this way, variable amounts of cooling air
can be supplied to the cooling pins 74.
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the exterior surfaces of the preforns or nolded articles, and thereafter

engagi ng cog[d'c%o{;gﬁans i nside the preformor nolded articl ep /L%B%?&tn

si mul t aneou g of the exterior and interior surfaces. cording to
the present invention, an 15 additional cooling step is introduced
wher eby the t empeifairtitgOhotho Preg Ord)s, iedycedIsi pesbtgie tegnsfer by

convection,,such.as by circulatin cool,ing gas inside the preform The
met hod and %]ﬁbea%métyugégc?g?d?ﬁ t%g?fﬁé‘%rpé%%tq WAFBNRLBNE TR PHreRHIGS 19F
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cool i iy net¥RHBRE SepRLSEES BP the fuseronduitnizoningrdie dhitdw at ed
into an irﬂ¢5ajﬁy¢-bﬁgw 0k dh Ng &bl & oMaRie the. 25 cool ed prefornms with
no crystalI|nlt%C%B%dgggtQgroﬁng§gg§£#g%t of the present invention, the
cooling pins 74 enter the preforms retained by the take-off
plate 60 in a few steps, and at each step the preforms that are
10 molded at different times are at different temperatures. In
order to optimize the overall cooling step and to avoid the
waste of coolant, during the first step of cooling the preforms
=" -are very*hot and thus a maximum amount of cooling air is
delivered by the pins. In the second and the subsequent steps,
15 the amount of cooling air directed by the pins engaging the -
first molded preforms is substantially less than the amount
directed towards the newly molded and hotter preforms. In
order to further optimize the cooling process, any known
suitable temperature sensors, such as a thermocouples, can be
20 used to measure the temperature of the preforms before and
after cooling them so that adjustments of the cooling rate can
be done without interrupting the molding cycle. 1In a preferred
embodiment, thermocouples (not shown) connected to some cooling
control means (not shown) are located in the take-off plate 60
25 adjacent to each preform. By monitoring the temperature of
each preform, some adjustments can be made to the amount of
cooling air delivered to all cooling pins 74 or to some of the
cooling pins 74. This may also compensate for any cooling
inefficiencies or non-uniformity of the conduction cooling
30 means located in the take-off plate.
Referring now to Figs. 10(a) and 10(b), Fig. 10(a) shows a
preform 48, in sectional view, molded by a prior art system.
As shown therein, the preform 48 may have crystalline areas in
four different zones including the dome portion 22 and the neck
35 portion 13. Fig. 10(b) on the other hand shows a preform 48,
in section view, which has been manufactured using the system
of the present invention. As shown therein, there are no areas
of crystallinity.
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conditioned and blown into bottles. In accordance with one aspect of the
present i'nvention a method for preventing crystallization ppraRed/ eect i on
nol ded preprr??lﬁgp?'%nhanced out of the nold cooling conpri segﬁrnj ecting 30
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ej ecting t perned degtwddn ciirs nfoldThédlves or mold plates 32 and 36. The

cooling frame 98’ used in this system has an additional

function and an additional movement. First of all, the pins
74’ use blowing air to cool the molded articles or preforms and

10 sucking air to extract the molded articles or preforms from the
take-off plate 60’. The preforms are be held on the pins 747
by the vacuum and removed from the tubes 62/ within the take-

—- off plate 60’ during a back movement. The cooling frame 98/
has a movement to approach and move back from the take-off-

15 plate 60/ and further has a rotation to move from a vertical to
a horizontal position parallel to a conveyor 114’ to allow the
preforms to be ejected from the pins 74/ by stopping the
vacuum. According to the present invention, any suitable means
known in the art can be used to rotate the cooling frame 987

20 with the pins 74’. According to a preferred embodiment of the
invention shown in Figs. 11(a) through 11(l1), a stationary can
130 is used as a very simple means to convert the translation
of the frame into a rotation so that the preforms held by the
cooling frame can be dropped onto a conveyor 114/. As shown in

25 Fig. 11(h), the cooling pins 74’ can engage the preforms by
vacuum and remove them from the take-off plate 60/. Next the
preforms are dropped from the pins 74’ onto a conveyor.

The operation of the innovative cooling apparatus of the
present invention can be understood from Figs. 6(a) through

30 6(d). After the in-mold cooling process which is shortened up
to the point where the articles or preforms reach a
solidification status that prevents their deformation, the mold
is opened and the take-off plate 60 is moved into the molding
area between the mold core plate 36 and the mold cavity plate

35 32. Relative movement between the mold core and mold cavity
plates may be performed in any manner known in the art using
any suitable means (not shown) known in the art. After the
take—-off plate 60 reaches the out of the mold position, the
cooling pins 74 are engaged with the molded articles for

13



WD 99/ 50039 PCT/ US98/ 14972 the nol d
and transferring themto the novable carrier; cooling the W@gg@ﬁcl es
whi l e t hey Y@ &%%3% he novabl e carrier by heat transfer conduction to reduce
crystallinity whereby the coolant is blown air; and further internally

cooling theoBRiHed éspeciHliyC!igs thy aepy¥estdLBNeA dalchnsk-eicuet by each
nol ded article iS substantially free of any crystallized portion. The sane

met hod canPB&EPFBt ement ed using a movabl e carrier includi‘ng. convective
heat' transfer nwhblefitie codler-uflf plakengo hae ameor desceiviethasnbauspgct of

the pr?““b&%ﬁ@é&fé‘a mdhns £die c%BHGE@}&E éé’élfn%{ 'H.an:h]@ %ﬁ:t%ﬂéi-a' lized,
i njection nolrded artrcle conprises a nol'd having two nol d halves which can
be 5 surfaces of the preforms within the holders 62, there are times
when one would want to not start cooling of the exterior
surfaces when the preforms are first placed within the take-off
plate. To this end, means way be provided to control cooling
within the take-off plate so that such cooling does not start
10 until after internal cooling of the preforms has begun andjor
finished. For example, suitable valve means (not shown) may be
incorporated into the take-off plate to prevent flow of a
=" cooling=fluid until a desired point in time. In this way,
internal and external cooling of the preform may be preformed
15 simultaneously, at least partially simultaneocusly, or -
sequentially.

Fig. 16 illustrates another embodiment wherein a take-off
plate 60" with no cooling means is used to remove the molded
preforms from the molding area. The take-off plate 60" may

20 have preform holders 62" sufficient in number to accommodate
either a single batch or multiple batches of preforms. The
preforms are retained by vacuum means (not shown) that through
the openings 240 suck on the sprue gate or dome portion 22 of
the preforms 48. The preforms are also retained by the holders

25 62" which can have any desired configuration that allows the
preforms to be directly cooled using a cooling gas/air. The
holders 62" are preferably stiff enough to retain the preforms
and have perforations or other openings 242 and 244 where the
holders do not have any direct contact with the preforms. By

30 having these kind of holders that only partially cover the
outer surface of the preforms, the preforms can be cooled on
their outer surfaces, while they are additionally cooled
internally by the cooling pins 74. In this case, the cooling
step comprises the transfer of the preforms from the mold to

35 the take-off plate 60", the movement of the take-off plate 60%
outside the molding area, to the cooling area which is adjacent
the molding area. At the cooling area, the preforms 48 are
internally cooled using the frame 98 and the cooling pins 74
that enter at least partially inside the preforms. At the same

20



noved between a nold closed position and a nold open position; means for
I njecting nDIten naterlal into the nold while the nold halv %th%hhe
nol d closede6?1 ¥n: means for cooling 15 the nolten nat I'n" the
cavity space formed by the nold halves up to a tenperature substantially

cl ose the cﬁm@,altnegba&s&mansstr@&ireéa)%yatﬂl{eetaketbﬁfnpﬁe@ EF afdwd SO
that the % l.e_can Ee nechani e%ﬁﬁy handlid outS|de e m)ld:}n

wi t hout suf gx SOLGEOTRFTCET WS . SreiRd pgragoa g the
nmol d so th@toqlh@mltdthahvawathatm aapaxctolandtl fﬁamdetswifdslm to

al | ow a ol e @t hghgeggr ri gt Li9ows i’FPVIEi A qﬁbett)qﬁegd&ggl&\{\?l ncpééilﬂ@/es;

nmeans f-or ﬁ%:ctlng he nol ded_articles

transferri Qﬁ%Q“nﬁﬁBeHaﬁrﬁlEi%%a¥%ﬁxfﬂfrﬁﬂﬁ%ﬂﬂ§ 25R¢i 854, sandl 236 rfqx
having 25 blowagscbelahe! gbwgrd h@a@fcﬁfﬁ&%xﬁ'ﬁckerofoehé nj?réf@rd@l deghe

articles bx-xozzq tQQQSf SE4,COQQ Cé.%é) r1>1toow rc%%‘ﬁ%gc%ﬁﬁg trlu?:lau h windows
258 in the take-off plate 60" and onto the outer surface of the
preforms via windows or openings 242 and 244 in the preform

10 holders. The nozzles 252, 254 and 256 blow cooling fluid
through openings 242 and 244 in the preform holders 62" and
onto the outer surface of the preforms. While the additional

=" “cooling=&tation 250 has been shown as having nozzles for
cooling two preforms, it should be recognized that in actuality

15 the cooling station 250 may have as many nozzles as needed to-
cool the outer surfaces of any desired number of preforms.

The use of the additional cooling station 250 allows the
preforms 48 to be simultaneously cooled inside and out using
cooling means that are independent from the take-off plate 60".

20 This approach makes the take-off plate 60" very light, very
fast and easy to service. If desired, the preform holders 62"
may grip the preforms solely around the neck portion, thus
leaving a more open window for the blown cooling fluid to cool
the outer portion of the preforms.

25 According to another embodiment of the invention, the
take-off plate may include external cooling means using blown
air or may include no cooling means. In both cases, internal
cooling is achieved using the novel cooling method and
apparatus of the present invention.

30 The innovative cooling method and apparatus of the present
invention are extremely beneficial for cooling preforms molded
in high cavitation molds. It is well known that the
temperature of the molten resin flowing through a mold varies
quite substantially for a various of reasons including: (a)

35 non-uniform heating of the hot runner manifold; (b) formation
of boundary layers inside the manifold’'s melt channels; (c¢)
non-uniform mold cavity cooling; and (d) insufficient cooling
at the mold gate area. One consequence of the temperature
variations across the mold is that the cooling time has to be
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and neans for further internally cooling the nolded articles by convection
heat transfer until each nolded article, preferably the entlre

substanti al I‘Ypﬁ’@@:’ of any crystallized 30 portion, partl 5@% the
nmol d gate area. The sane nethod can be inplenented using a nnvable carrier

wi th condusabméea&t tﬁr?@slfoﬂaam@%lf 26 exderaal i %ggégs%g refolngdaber ein,

the terns "take-off plate”, "take-out E ate" and arn1too| are used
i nter changE&BF?da)H%lf‘?re? AR 5TYstad 1ERETY pRewrs dt (ihe( Sinadr REFTORPS | s of
t he nmet hodignéragpatatpisevaint Forpaesont of Nvepstn.i zzs mhlesasmé her objects
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5 different cooling.pattern that can be tuned according to the
temperature signature of each mold. Sensors in the take off
plate 60 can be provided to regulate the amount of cooling from
each cooling pin 74. Another consequence of the non-uniform
temperature inside the mold is that in most cases the gate

10 sprue area located on the dome section 22 of the preforms is
the hottest part of the molded preform. Because this sprue
gate portion is slower cooled in the mold closed position,

ghances &re that this portion will be highly crystalline if the

ll

in-mold cooling is too long or if no additional cooling is

15 provided outside the mold. According to the present invention,
the cooling pins 74 blowing cold air inside the preform
immediately adjacent the sprue gate area is a novel operation
that prevents in a very efficient manner the formation of
crystallized areas in the preform.

20 The innovative cooling method and apparatus of the present
invention are also beneficial for coﬁpensating for the cooling
inefficiency of the take-off plate. It may happen that due to
the imperfect contact between the hot molded article and the
cooling tube, the temperature of the molded article held by the

25 take-off plate may vary across the plate. According to the
present invention, the temperature sensors located in the take-
off plate or the cooling frame can be used to provide
information to a cooling control unit that varies the amount of
cooling fluid directed to each preforn.

30 The adaptive cooling approach mentioned so far is also
beneficial because it can take into account the fact that the
temperature pattern of the molded preforms can vary during the
day, the function of the specific resin used, the function of
the machine settings, or due to local variations in the

35 thickness of the preforms caused by improper valve stem
actuation in the hot runner nozzle or due to uneven core shift
in the mold cavities. These situations are neither predictable
nor easy to fix; however, the present invention provides a
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WO 99/ 50039 _ PCT/ US98/ 14972 and t he

acconpanyi ngyslssaaposias i n which like reference nuneral s depi Giefidddnaon
el enents. BRI EF DESCRIPTICN OF THE DRAWNGS Fig. 1 is a graph show ng the
preformtenperature vs. tinme 5 during and after the injection step; Fig.

2 is a schBaghaRisekesenettihen postamplaiog neool ine stepd foF gach3tayiand

3(b) show bhged espetrd Ltfeﬁn;ﬂix%ﬂ:'u%@t oBCEASH ﬁ@fda@'alrscﬂa‘lea o@k,g%g okef orm
during cooli ng; shows e tenperature pr e along t he
ref ovm vl | 50 B BiTHIT Leants CRAUEEAPRPEEBRRY P £ 16 Gorathe Resefian

nol d; of increasing the post molding cooling time can be achieved by
5 simplifying the design and the movements of the take-off plate
and the cooling frame. This has to take into account very
critical assembling, servicing and operation constraints such
as rigidity, movement accuracy, alignment between the cooling
pins and the molded articles or preforms on the take-off-plate
10 and vibrations. Also the location of the cooling frame with
the pins has to be decided in such a manner to reduce the "foot
print" of the entire machine.
.= Refarence is made in this regard to Figs. 13(a) and 13(b)
which show another embodiment of the present invention where
15 the take-off plate 60 remains in a vertical position during the
additional air cooling step, i.e. parallel to the mold plates
32, 26. The cooling frame 98 is translated towards the take-
off plate 60 and the cooling pins 74 enter the molded articles
or preforms 48. After all the preforms are cooled, the cooling
20 frame 98 is retracted, the take-off plate 60 is rotated at 90°
and parallel to a conveyor 114 and then the cooled preforms are
removed from the plate 60. This approach simplifies the design

[

of the cooling frame which does not need rotation means and
means to prevent its interference with the preforms ejected
25 from the plate. ;
Further reference is made to Fig. 14 which shows another
embodiment of the invention where the robot take-off plate 60
comprises additional translation means 150 to move the performs
48 along an axis parallel to their axis of revolution. This
30 additional movement of the preforms 48 simplifies the cooling
frame 98 which remains substantially stationary during the
cooling process. As shown in Fig. 14, the take-off plate 60 or
other means for holding the performs is translated along the
axis X towards the stationary cooling frame 98. After the
35 cooling step, the take-off plate 60 is rotated by 90° so that
it faces the conveyor 114 and thus the cooled preforms are
ejected,.
Further reference is made to Fig. 15 which shows novel air
cooling means attached to the take-off-plate 60. The approach
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Fig. 5is a sectional view show ng a novabl e robot 15 I ncl udi ng an

end- of - ar m;&g%@@%{l’) device placed in the nolding area betf’?‘éfe@w‘ﬁm

stationary e mold plates; Figs. 6(a) and 6(b) are Vi ews
showi ng an enbodi ment of the present invention including a robot

t ake- of f - pshben (i ik cm(‘jlgama) temhniPE@é%E) t_ﬁédné’eéf rﬁr‘e ahg-_,lbeg,'gggtg?@{_.gﬁlg:i gisns;
20 ' n ,are.front .views o e enbodi,ment o .
6(a) and GFE#?5$}§££B7€ES COEY BidRs2PHe ??%wﬁFQHﬁf%lﬁgeéﬁ&FFnafp 15
accor di ng £eociingrsystampatiddbusobLt hbepirjeot igmuelidiog maichinesS( afhe (Q)

h ' ' 2 ' 0,1 [&S | pvention
i gs. o(ay "ok CEPLIRS, L HOR 9% an apBESRLEATY iR, B0 SHh BELTTC
accor di ng PEVedor bhikRASHRS Peradfelptasthe prafommisod8 so that they can

be introduced inside the preforms and moved out of the preforms
using a thin strip 176 actuated by piston BB or any other known
means. The pins 174 can be also rotated around an axis "A" |
parallel to the preform so that they can be brought into or
10 removed from axial alignment with the preforms. This
simultaneous rotation of all the pins 174 can be achieved using
any suitable means known in the art. According to the
inventiorf, the U-shaped cooling pins 174 have an ARM "A" that
enters the preform, an ARM "C" parallel to ARM "A" that is used
15 for moving ARM "A", and an ARM "B" that connects ARM "A" to ARM
"C". The rotation of the pins around the axis A of ARM "C" can
be done in various ways. As shown in Fig. 15, this can be done

I

using an elongated rack 178, operated by piston AA, that is in
" engagement with pinions 180 attached to the ARM "C" of each

20 cooling pin. The same rotation can be done using frictional
means, one in translation and the other in rotation. During
the transfer of the preforms 48 from the cores 38 to the
cooling tubes 62 of the take off plate 60, the U-shaped cooling
pins 174 can be "parked" in a dedicated location located

25 adjacent each cooling tube 62, so that they do not interfere
with the moving preforms and less space is needed to open the
mold. Immediately after the preforms 98 are retained in the
take-off plate 60, the cooling pins 174 attached to the plate
60 are moved forward by the piston BB and the strip 176 and

30 when they reach a certain height which allows ARM "A" to be on
top of the preform, they are rotated in axial alignment with
the preforms and finally introduced inside the preforms through
the retreat of the piston BB. The permanent contact between
the strip 176 and each ARM "C" is provided by a coil spring 182

35 which operates against shoulder 181 or any other appropriate
means. A flexible tube 184 is used to supply blowing air to
each cooling pin through ARM "C". This design of the cooling
pins attached to the take-off plate brings the following
advantages: simplifies and reduces the size of the cooling
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Fig. 10(a) shows a preform having crystallized zones as 30 they are

generated i | art methods; Fig. 10(b) shows a preform widrhiRdiao72
crystallizéﬂmgéﬁg%gas it results after the method of the present iInvention;

Figs. 11(a) - 11(1) show another enbodi ment of the franme and cool i ng pins
accor di ng Fystér, pinproves mhenicioodingbrate becauvdey.inkd des caocddayi shaktsi ew

el ves P B peapE BRSNS BARLERT OF e
cool i ng syg’t‘%%ﬁ%%fc%chle“tﬂ é's"’éh%bei APBAt HBRing the Wovewen 09§ the take-off
PCT/ US98/ 1gPd€e and practically continuously for as long as the preforms
5 are also cooled by the take-off plate. During the ejection of
the cooled preforms, the cooling pins must be again rotated
towards their initial position so that they are no longer
aligned with the preforms.

Further reference is made to Fig. 12 which shows air

10 cooling means comprising cooling channels 210 incorporated in
the mold halves 32, 36 that allow cooling of the preforms held
by the mold cores, during and immediately after opening the

=- mold and<before the take-off plate enters the molding area.
This additional cooling step will further solidify the preform

15 before the take-off plate is brought into the mold area and _
before they are transferred to the take-off plate.

According to another embodiment of the present invention,
that can be easily understood from other drawings in this
application, the robot and the take-off plate retain only a

20 single batch of preforms. After the injection steps, the take-
off plate is parked outside the mold area and cooling air or
refrigerated air is blown inside each preform from the cooling
pins. The cooled preforms are ejected form the take-off plate
that will be brought back into the molding area without

25 carrying any preforms. )

Fig. 23 illustrates an alternative construction of the
frame 98 for holding the cooling pins 74. As shown in this
figure, the frame 98 may have cooling pins 74 on two opposed
surfaces. Further, the frame may rotate about a first axis 300

30 and a second axis 302 which is perpendicular to the first axis
300. Any suitable means (not shown) known in the art may be
used to rotate the frame 98 about the axes 300 and 302.

By providing this type of construction, it is possible to
have a first set of cooling pins 74 engage the preforms 48 in a

35 take-off plate 60 and begin internal cooling of the preforms.
The preforms 48 may then be transferred out of the holders 62
in the take-off plate 60 onto the pins 74. The frame 98 can
then be rotated about one or more of the axes 300 and 302,
while internal cooling of the preforms 48 is being carried out
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Fig. 14 is a top view of an inj.ection nolding system having anot her

enbodi ment of . the cooling systemof the present invention; Ej IS, a
secti onal vM&P8P03Pet anot her enbodi ment of 5 t he cooli ngkgygégglr#‘?)’f t he
present invention showi ng the nmechanismfor cooling the interior of the

nol ded art byl eReapinshed, t atthe tdleerebbtphat eor bk fokld hiadst-eabregan
enmbodi nent ﬁf ﬁhg plrées%:-nt |J’%/,ent| n V\/nerei?n a take-of f plate with no

cool i ng neXRE LETHSRAE PP Tion @g’é’\‘f@ thef Bt dotr gt & fE&nPfhe nol di ng
area; FlG cbdlihgusinat?s mde emyagier ackeonndf satn af tprafairimee 48obkildgipin in

acoor dance it bafheo pF S5Eile | dyeNORL ELES, 18 Mo ) Jobl wgtrate the

construction of yet an ernative cooling pin in accordance with the
presef® 15Prefprpentd opan have their exterior surfaces convectively

cooled using a cooling station 304 having a plurality of
nozzles (not shown) for blowing cold air onto the exterior
surfaces. If desired, the frame 98 may have a preform
retaining plate 308 attached to it.

!
L
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FIGS. 19 and 20 illustrate prior_art nmethods for cooling the interior of a
preform FI ?Ioﬁgfsdoﬂd ustrates another prior art system for copéingesiaen
interior and the exterior of a pr mm“lﬂl - g FIG 22 illustrates a
prior art systemusing the suckina' ﬂ Hmunlﬂulto cool a preform and
FIG 23 ill|¥Wbatateschwingd distati ve fr &netcohsty uétion with cooling pins on
mul tiple surfaces of the frame. 'DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25
Referring now to the drawings, Fig. 1 is _a_graph show ng the evol ution of
pref or m t enper af FPRERRS ﬁqqé}Qﬁmﬁpﬁgaaﬁaléﬁ?e?r ¥elg (famnnisdng: &he FEgPs2 is
a schemati cofepresentation of a preformwhile it is in the nold. As can be
seen fromthis figure, cooling while in the nold is typically effected by

30 cooling tubes 12 and 14 positioned within the nold cavity 16
forming a molded article within a mold;

removing said molded article from said mold while said
article retains an amount of heat; and

directing a flow of cooling fluid toward an interior
region of said molded article where
- = crystallization occurs so as to substantially

(J
i

prevent said crystallization in said region and
thereby form a molded article which is
substantially free of any crystallized portion.

2. The method of claim 1, wherein said directing step
comprises creating an annular flow of said cooling fluid within
said interior region of said molded article so as to
substantially prevent said crystallization.

3. The method according to claim 1, wherein said directing

step comprises directing said cooling fluid toward a dome or

sprue gate portion of said molded article and contacting said
dome or sprue gate portion with said cooling fluid.

4. The method according to claim 1, wherein said directing
step comprises:

inserting a pin having at least one internal passageway
and an outlet nozzle into the interior of said
molded article;

spacing said outlet nozzle a distance d from an
interior wall surface sufficient to create an
annular flow of said cooling fluid; and

blowing said cooling fluid onto said interior region via

" This Sheet Has Been Replaced 27

N |



and the nold core portions 18 respectively. As a result, cooling is

effected from both sides of the 11. Further, as sho
the nold ca Pt9§'5f5q Ate 16 typi cal %ﬂn 20 at %T)g%gﬁ?gnbottom
part or the done 35 portion 22 - 11 is forned. The preform
has a neck finish peaiaopid3 whi ch ![W hick wal | which is
difficult to cool to prevent crystalllﬁlty 99/ 50039
PCT/ US98/ 14972 Figs. 3(a) and 3(b) show the tenperature gf adi ent across the
wal | s of &-.nofhedmpEbedr acdording dwolcilagm 4ngrt13¢1a)ccsﬁmnssm t enper at ure
gradient inside the nold, while Fig. 3(b) shows

aligning a central axis of said cooling pin with a

central axis of the molded article;

said cooling pin having an upper portion and an
exterior surface which is spaced from an interior
surface of said molded article by a distance D; and

said step of spacing said outlet nozzle comprises
=" = “spacing said outlet nozzle so that the ratio of d4:D
is in the range of about 1:1 to about 10:1.

6. The method according to claim 4, further comprising:

connecting said at least one internal passageway to a
source of cooled, pressurized air; and

said blowing step comprising blowing said air onto said
interior region.

7. The method according to claim 4, further comprising:
said inserting step further comprising forming an
annular space between interior surfaces of said
molded article and said pin; and

allowing said cooling fluid to flow through said
annular space and escape into the ambient
environment.

8. The method according to claim 1, further comprising
cooling exterior portions of said molded article after said
molded article has been removed from said mold.

9. The method according to claim 8, wherein said exterior
portion cooling step is performed simultaneously, directing
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the tenperature gradient out5| 3(c) shows the 5
terrperature“gﬁigobﬁ al ong th t'!’ "Hi The t enper atg.gey sg? h k&
represents the tenperature in-=« ue gate portion %e

preform Referring nowto Fig. 4, an |nject|on nmold is provided mhlch
i ncl udes asteniﬁtnkﬂasﬁnnarﬂmﬂIHYOslphataneﬁuﬂhyjrqresequkntlally wdthay of
nmol d cavi t k£8a 3¢ 9drk h .e mold half or plate 36 having an array of

nol d cores 38. The nold cavity plate 32 is in fluid communication with a
mani fold plate (not shown) that receives nolten material froman injection

unit (not hsmowwh@fmmdmja@adre' lin@”]?i:di 80aMCH] Neherkis lraalla %&\EEE-%SE' 5?4 .
receive the teria o) unner nozzl es t shown suc
as for exaﬁfﬁéggp\Eﬂ%ﬁ%ﬂ%ﬂg§§pn8??P5ifﬁ8tcgﬂiﬁﬁﬁ said &xe HéFdP8§$F99 Sgat es
40. The nobyl heat tdarslvartd oma obr haatoundedcbybmxnﬁanyxeﬁeans 42 for cooling
the nolten material in the cavity

11. The method according to claim 8, wherein said exterior

portion cooling step comprises placing said exterior portions

of said molded article in direct contact with a chilled

surface.
=" *¥2. Thermethod according to claim 8, further comprising:

providing a take-off plate having a holder for said
molded article, said holder having a plurality of
openings for exposing outer surfaces of said
molded article to a flow of cooling fluid;

said removing step comprising loading said molded
article into said holder in said take-off plate; and

said exterior cooling step comprising providing a
cooling platform with a plurality of nozzles and
blowing a cooling fluid through said nozzles and
through said openings in said holder onto said
outer surfaces of said molded article.

13. The method according to claim 1, further comprising:

said forming step comprising forming a plurality of
molded articles in said mold; and

said removing step comprises providing a carrier having
receptacles for said molded articles and
transferring said molded articles to said
receptacles.
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space formed by the nold core the nD ty 34 when 20 the nold
plates 32 and 36 are in a nold cl gw& “he coolin are
preferably WOrHEW3dy cool i ng chanxnm hin the Pﬁ:ﬂﬁ@&fhﬁte 32 for
conducting.a cooling fluid. As prewi oSsly di scussed, the nold cores 38 and
the mold cayitifse 3fedfidNddeck@gngotd &i@ﬁ@dmo%&tch@& BoRpriskhgy of -25

nold cavity s ace not, shomn that are f ten erial .through
the ol d g5P® 12@ siPn pe |ﬁFBﬁt?5ns%%éa éiﬂ%g ﬁﬁF CESEeEgg% eaF3¥i ncl ude
nmeans 44 faoléedl amgidles raviet én saiérreteptadies @adi beisgace. The cooling

means 44 p&g{.ﬁ%g@%% cf%g@a%a %agilggfngow%svmm o%@sggga' deCQLgq- The nol d

core 30 her 1 nc €S an ejector which 1s used to
renove t hemabflded preforns 48 fromthe nold cores 38. The operation of the
ejector plate 46 is well known in the prior art and does not form part of

t he present invention. In fact s
15. The method accordlng to claim 13, further comprising:

providing a frame having pin means for directing said
cooling fluid; and

moving said frame relative to said carrier so as to insert
= said pin-means deeply into the interiors of said
molded articles while said molded articles are in

p

said receptacles. -

16. The method according to claim 15, wherein saild directing
step comprises blowing cooling fluid through said pin means
onto said interior regions of said molded articles where
crystallinity occurs while said molded articles are in said
receptacles. '

17. The method according to claim 13, further comprising:

said molded article forming step comprising forming a
plurality of preforms; and

blowing each of said preforms into final decrystallized
articles. '

18. The method according to claim 1, further comprising:

said forming step comprising forming a first set of
molded articles in a mold formed by two mold
halves; and

said removing step comprises providing a carrier having a

This Sheet Has Been lleflaced
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the ejector plate 46 nmay conprise an Jector pl ate 35 known in
the art. Accorg&’g to the curre ‘“ll m mol ten pl aggrssostewal or
ceran ¢ mat¥PPFY%En be |njecte xcavity space and cool ed into
a desired article using the nold systen1of Fig. 4. In a preferred

enbodi ment of the cgluegrilityvent reneptaclis FHH50EEeiving said molded

PCT/ US98/ 14972 the @éiﬁﬁe@at fbv2hg! Safllc ﬂkﬁéﬂﬂ%ﬂ' ¢edsRr Fb@h@ibﬁ a

preform According to t resent inventi owever, the 7ol ded grticle can
al so be a preforrnrnhﬁ?ﬂﬁennﬁPédtﬁﬁﬁ BREA R e sy t§9ﬁ§ﬁ35§1pgrséi npl e

virgin PET, recycl echdlidbdaagtaelapptopsad erdiiptadile® whil®et saidl such as

for exmnﬂe EVCH. . . . . ce s . .
carrier is in said first position, and moving said

carrier with said molded articles in said receptacles

to a second position outside of said mold.
19. The method according to claim 18, further comprising:

said directing step comprising directing a flow of
cooling fluid into the interior of each of said

U

- -= molded articles of said first set so as to
substantially prevent crystallization in said
interior region of each said molded article; and -

said directing step commencing when said carrier
reaches said second position.

20. The method according to claim 18, further comprising:
providing a frame having a plurality of cooling pins;

moving said frame relative to said carrier so as to
insert said cooling pins into the interior of said
molded articles forming said first set; and

said directing step comprising directing a flow of cooling
fluid into the interior of each of said molded
articles of said first set via said cooling pins so
as to substantially prevent crystallization in said
interior region of each said molded articles.

21. The method according to claim 20, further comprising:

sensing the temperature of each of said molded
articles; and

adjusting the flow of cooling fluid into the interior

31
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As is known in the art, a prefor \ﬂ!FS|ng the nmold, injecting
the nolten material i nt o the cavi m \ I ng cool i ?%aﬂj&gé/p‘&’fa\” ty

space, fill M@poeescavity space, e holten materia

pressure, performng 10 final in- nDId coollng, openi ng the nold,

ej ecting the 50"d'fb?dséi&'ﬁ&f@é&"aﬁﬁfﬁﬂg§“inf&@ bﬂ§e0@6a§afﬁukensed
transferring the articles or gre orns,to, a take-o Accor di ng
to the present inventEBREFRRW ?ﬂersﬁ%?rﬁﬂﬁﬁﬁglPﬁe ﬁar%?WPE%EﬁQStu me, the

residence tinme of thadguetbn@1vau¢émmdaﬂsjd&sscﬁatb& ubth saﬂdnandling"that
the nold is able to du tghes r.ef.or, as . f Ie The
g ggd% Q@ a%inHJ %ﬁ fEEV gf é?% ?EQhe (oe]0)

problemw th a reduc esrdence ti ling tinme
has to be reduced, b@hrpngbuéhd¥W¥ﬁHﬁkﬂoﬂﬁ$antﬁélﬁDFG@Hl%Ht9¥ﬂﬁxs or
preforns are SO|Id enough to withstand all the subsequent handling steps

wi t hout 20 deformation. A reduced cgplln% tine LS a problematic option
22. The method according to claim 20, further comprising

directing said cooling fluid into the interiors of said molded
articles at a first rate of flow during a first portion of a
cooling cycle and at a second, lower rate of flow during a
second portion of said cooling cycle.

=~ =23, The* method according to claim 20, further comprising:

withdrawing said cooling pins from the interior of said -
molded articles;

moving said carrier back to said first position;

transferring a second set of molded articles into said
receptacles within said carrier while said first set
of molded articles is still within said receptacles
in said carrier;

returning said carrier with said first and second sets of
molded articles to said second position;

inserting said cooling pins into the interiors of said
molded articles in said first and second sets; and

simultaneously effecting cooling of the interiors of
said molded articles.

24. The method according to claim 23,. wherein said
simultaneous cooling step includes the step of directing a flow
of cooling fluid into the interior of each of said molded
articles of said first and second sets via said cooling pins so
as to substantially prevent crystallization in said interior
region of each molded article.

— ———
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because the articles or prefog gici ently and uniformy cool ed
by the cool iwgosesas 42 and 4“1(mmgm&mwnmllheat retai ned pygtiuses/amta cl e
or preform after being cool ed I*xNSkdet ol d for a reduced tinme and

i medi ately after 25 gpening the nold is very significant and depends on’
the thicknedys oftheh@etBode@faptrerding 0 <tladm 2Phi SurshernaPmbxasings t he
potential to generate crystallized portions at the sprue gate area or done
portion of the npl ticle.qr preform. the neck finish portign of.the
nol ded article oruraégq‘a%%?dsg%gn cg?fjfrl‘l%rgelrﬂﬁ R r‘rf‘%erg"ﬁr agrs?‘bd
prevent the crystall mpd@ednavtichespol ded article or preform a very
aggressive cooling nethod has to-be used. During cooling, attention nust be

paid so as to control the shrinkage of the nolded articles which can
adversel y af f ect™MAVH&g, SpEAaFastier RAgk g giadd first position;

transferring a third set of molded articles into said
receptacles within said carrier while said first and
second sets of molded articles are still within said
receptacles in said carrier;

— returning said carrier with said first, second and
third sets of molded articles to said second
position;

providing said frame with a plurality of apertures;

inserting said cooling pins into the interiors of said
molded articles in said second and third molded
sets; and

ejecting said molded articles of said first set
through said apertures onto a transfer device.

26. The method according to claim 20, further comprising:

providing a cooling station having a plurality of
nozzles connected to a source of cooling fluid;

positioning said cooling station adjacent said carrier;
and

directing_cooling fluid onto exterior surfaces of said
molded articles by blowing cooling fluid through
openings in said receptacles onto said exterior
surfaces.
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Fig. 5 illustrates one enbodi robot take-off plate 60 which can be

st 1 v gy oo o e (HMETIN. T "Shasnbdnniai S

cooled 12 - WO 99/50039
PCT/ US98/ 14972 Thibesethlypismioriddkg- 6bf cDi fth €56 WG HERY cbapwsedngor the

take- off r Pat ent 0, CGessner et . al
and in US ?iglgg téﬁéﬂq@y%QR%agg Qg s?bdtﬂﬁ%ééd ﬁqﬁlcqﬁﬁfﬁo g gﬁ Wdre
i ncor por at adtbglesfit ardd h@w@PﬁECRﬁso@eramgosaldsextethernuubmln@ step.
plurality of holders 62 are aligned wwth the nold cores 38 of the nold

36. Transfer of the nol ded
plate 28. An apparatus for forming a molded article which comprises:

mold means for forming a molded article;

means for removing said molded article from said mold
means while said molded article retains an amount of
heat; and

- meaws for directing cooling fluid onto an interior
region of said molded article where crystallinity
occurs after said molded article has been removed  _

p

from said mold means so as to form a molded
article substantially free of any crystallized
portion.

29. The apparatus according to claim 28, wherein said
directing means comprises means for creating an annular flow of
cooling fluid within said interior region of said molded
article so as to substantially prevent crystallization in said
molded article.

30.  The apparatus according to claim 28, wherein said
directing means comprises means for directing a cooling fluid
onto a dome or sprue gate portion of the molded article.

31. The apparatus according to claim 28, wherein said
directing means comprises means for blowing a cooling gas onto
said interior region.

32. The apparatus according to claim 31, wherein said blowing
means comprises a cooling pin inserted within the interior of

said molded article, and wherein said cooling pin has at least
one passageway communicating with a source of cooling gas.
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articles 48 to the holders 62 i ﬂﬂh ed b operation of the ejector plate
46. Accordi ngqt present in %ﬂ t&u of f plate 6@t o8} 497

provi ded wi ?ﬂ e?grslgdg er of hol der Z{"iﬂﬂ ﬁto the nunber ﬁjf% Mol o
cores 38 or a larger nunber of hol ders 62" such*as a mul ti ple of the nunber
of nold cor¥s, (The appaphréushpeeordind ko tdlnds BHe whebeinofaihd| coebimg. By

havi ng rmrepﬂpleéy% @enkthan hResnyiheke Pl ey %S céﬁtrai ahQOﬁf'QéfdtO

retain sone of the nuolded articles for a tine er that a single
mol di ng cyJd*ELeHR e F SyaPﬂciLﬁa%%a‘t“F% T |1ﬁ’§eFF-ﬁ§ ﬁHFgécﬁﬁl of FMAg a
hi gh out putmaifde®blagtdcaet bel esdlé"baxdsmtmmi: afls therprRsant ahnvEat i Syacan be

by the. hol d B3 SRIUCTPRErLOE ERAleds P 8RiaioofT RS cRlh i bre o

i nvent i on, said ﬂ@b@ﬂngapénohﬂsp&ﬁl@ﬁ%ﬂhﬂuﬂpailnuabérsaidhouﬂket 1522z zke cis

represent idjaRed it#em the BHEPPIoP surface of said dome portion by a
distance d and wherein the ratio of d:D is in the range of from
about 1:1 to about 10:1 so as to create an annular flow of said
cooling fluid.

34. The apparatus according to ¢laim 33, wherein said outlet
=.- nozzle is formed by a divergent nozzle structure; aﬁd wherein
said cooling gas circulates through said annular space and

escapes into the ambient atmosphere.

35. The apparatus according to claim 28, further comprising
said removing means comprising a carrier having a receptacle
for receiving said molded article.

36. The apparatus according to claim 35, wherein said carrier
has means for cooling exterior surfaces of said molded article
by conduction while said molded article is within said
receptacle so that the shape of said article is maintained
without any deformation.

37. The apparatus according to claim 35, wherein said
receptacle comprises a water-cooled tube within said carrier.

38. The apparatus according to claim 35, wherein:

said mold means comprises a mold formed by two mold
halves;

said carrier may be indexed between a first position
intermediate said mold halves and a second position

outboard of said mold halves; and

said mold has means for cooling said molded article to
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cores 38. This neans that the t ake- of f does not always carry a
number of preforns or nol ded adﬂuﬂ ﬂ gﬂj t he nunber of hol ders 62.
This al so m¥PR&PNR a si ngl e ef orns can befTHUREEHEK

nore than once into the nold area betmeen the nold core and cavity pl ates

to pick up other batghesmmdratirded Bgfeaﬁ{fén 13PN Ene0 -intimte
contact between the Ilgﬁhiub?§§62 Wi t hi Hﬁh%a ke- oon he 8k9g&§¥ch t ubes

64 carry a cooling I °RaF%?peEﬁﬁP¥?u§°BGhat & FeFﬁ%Peﬁall of the
preforms as shown i rertuicdedaiagi bei hah@bedf outeniend ithiectholU8 WatroHtt NO.

5,447,426. The heat gy égﬁbgg&rggggégglégpqﬁhrOu%% ohhe hot nol ded

artlcles rel eased fromt corduction. More
particularly, any solid material incorporating any cooling means can be

used 35  3and tHOUMBartR Iaat:bfraiﬁ ceat@fénwsh %%tﬁéke&bﬁﬁri@iﬁgof the

nol ded artlc s.to cool the nolde Frticles dsi n
lg directing means compr?éing a coof&ng pl% to be inserted

into interior portions of said molded article while said molded
article is within said receptacle, wherein said cooling pin
being mounted on a frame which moves relative to and
independently of said carrier.

=" 40. The*apparatus according to claim 38, wherein said carrier
includes a plurality of receptacles for holding a plurality of
molded articles and said directing means comprises a plurality.-
of cooling pins mounted to a frame, which frame is movable
relative to the carrier.

'41. The apparatus according to claim 40, wherein said frame

_ includes a plurality of apertures for allowing cooled ones of
said molded articles to be ejected from said carrier while said
cooling pins are engaged with certain ones of said molded
articles which have not completed a cooling cycle.

42. The apparatus according to claim 40, further comprising:

said frame having a passageway connected to a source of
said cooling fluid;

said pins each communicating with said passageway; and

valve means for supplying regulated amounts of said
cooling fluid to each said cooling pin, whereby the
amount of cooling fluid supplied to each individual
cooling pin is regulated by said valve means in
accordance with a particular stage of a cooling
cycle.

This Sheet Has Been Replaced

[T *



cool ing system based on heat trm\ onduct i on inpl enent ed

t hrough an ’F@E contact be art icle or ppe'i-msns/math t he
cool i ng ne£k§% e§shape of th L WO 99/ 50039

PCT/ US98/ 14972 article or preformis maintained w thout defornatlons or
scrat ches %la-usé@leb;aHP@W@ltiuﬁgaCFPr@éBg reel, claian d@nd faritherceoPpriseBans 64

enpl oyed ifeddie ftﬁk%eexfsfmal 2he €aRpleat @Rt ase ﬁloqaaaeﬁ%tiéléeéﬁd5

transfer nmeans. _ Any sui ile C vectlve heat nsf er an kno éhe

art nay bR AT PO IABIo PR SREPUN (PR o Mo SUERIGPANEO P AER s AL

exterior spid alreweafpdnse tol thd aehsed esemperatures of said molded
articles. '

44. The apparatus according to claim 40, further comprising:

each said cooling pin including means for removing a
respective one of said molded articles from its
receptacle and means for moving said frame between a
first position and a second position where said
- = <z molded articles are ejected from said cooling pins by

t

ceasing operation of said removing means.

45. The apparatus according to claim 44, wherein said frame
moving means conmprises cam means for converting translation of
said frame into rotation of said frame.

46. The apparatus according to claim 40, wherein said carrier
includes means for holding said molded articles within said
receptacles and means for ejecting the molded articles from
said receptacles after cooling has been completed.

47. The apparatus according to claim 40, wherein each of said
cooling pins has a first portion with a first diameter and a
second portion with a second diameter, which second diameter is
different from said first diameter.

48. The apparatus according to claim 40, wherein each of said
cooling pins has lateral outlets for discharging said cooling
fluid onto sidewalls of the molded articles where crystallinity
occurs.

49, The apparatus according to claim 40, wherein each of said
cooling pins means has helical grooves in its exterior surface.
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or prefornms carried by the tak ‘ ﬂ ﬁt Beferring now to Figs. 6(a)

and 6(b), an_additional 10 ﬁﬂll'r" "Mﬂ" "ﬂ I's used in gKopHsbRAkI7EN W th
the robot t%R&¥5498% pl ate 60 to *enfiante the pdst-nol d cooling efficiency by
all owi ng sinultaneous cooling of the interior and exterior surfaces of the

mol ded art 5ol esTivs apmfmrtas bycoodingt toecheiat 4tor,awhkezeiandathuefredide t he
cycle tine < q Lty f t ifbe additiona
cool i ng de%?ggl#%pﬁ;ﬁ\éﬁeuﬁdge{ aa%ag?r%g@/%gfo%l%%%%t 3%%(;&0?%%8 'pllns 74 whose role
is to deliperiphe®ni ing fluid inside the nolded articles held by the

take-of f plate 60. In a preferred enbodi nent of the present invention, the
cooling fluid is nostly directed and delivered directly,20 into_the done
(sprue gaté}'pd???cﬁ93§%Qﬁnﬁ:ﬁgcﬁﬁsaag %?t?%ﬂ%?(ﬁﬂ'pﬁgﬁﬁ¥ﬁP ﬁﬁFEhoﬁo??* n has
the hi ghestoebingepims hecore pduyalatyi of chrecdar lemeatisc spanedf atomund

cool i ng tlg@slﬁbéighery'

52. The apparatus according to claim 40, wherein each of said
cooling pins concentrates maximum cooling at a dome portion of
the respective molded article in which it is positioned.

=~ 53. Thezapparatus.according to claim 40, wherein each said
cooling pin includes means for removing cooling fluid from the
interior of sald molded article. -

54. The apparatus according to claim 40, further comprising
each said cooling pin having an approximate U-shape and being

- movable between a first position where one arm of said U-shaped
cooling pin is positioned within said molded article and a
second position where said one arm is withdrawn from said
molded article;

means for axially moving each said U-shaped pin between
said first and second positions; and

means for rotating each said U-shaped cooling pin to a
third position where said one arm of each said U~
shaped cooling pin does not interfere with removal of
said molded articles from said carrier.

55. The apparatus according to claim 40, wherein each of said
cooling pins is formed from a porous material so that cooling
fluid can be applied in a substantially uniform manner to
multiple portions of said molded article.

56. The apparatus according to claim 40, wherein each of said
cooling pins has a plurality of radial conduits for applying
coolant to multiple portions of said molded article.
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nol d. The cooling fluid is intro “'uﬂ l eate an annul ar fl ow
pattern. Ac%g9,§ﬁ3g o the pr esenﬂ «Uﬂﬂ)lﬂﬂ m”m,l cool i pgriskssnderoul d
be any appropriate cool ant, such as fortexhngle*a liquid or a gas. In a
preferred enbodinent of the present invention, the cooling fluid is

pressuri zedai r 106 PPBRZGTEF BRAFSHRIPG W Fhdm 99| SBEERET| ARRRRELT D
cool i ng pi me&hs Bxteraapect shid haam:eaerﬂon BleRingNal 8o60OHG fIuilIEhtdd

detail in éé&d é&%érig gSug%gge%l$ys ?%1%' oo%&gg}gln 74 1 n accordance

with the presentinvénti on"posrtiione or nolded article 48
being cooled. In order to create an optlnun1flom10f t he cooling agent, the

cool i ng pi ngl4 g\&e' beQQHEGQ deedrd i 4% Vlain %L}e %%851&“ £8i & &{iﬁiﬁhe

cool ant can rea dome or sprue, gate porti

cool i ng pi Maf4 aa€F§eB§aS?|ea€6F t?%n%cﬁﬁ%%g‘%ﬁé arkécteorndisdich 74 al so

contri but execeptacle has openings in its side and bottom walls and
wherein said external blowing means blows cooling fluid through
sald openings onto said exterior surfaces.

59. The apparatus according to claim 40, further comprising
means external to said carrier for directing cooling fluid
=~.- .against.said exterior surfaces of said molded articles.

60. The apparatus according to claim 59, wherein each of sald
receptacles has openxngs in its side and bottom walls and
wherein said external cooling fluid directing means blows
cooling fluid through said openings onto said exterior
surfaces.

61. The apparatus according to claim 60, further comprising
vacuum means for holding each of said molded articles in a

respective one of said receptacles.

62. A method for forming a molded article comprising the steps
of:

forming a molded article within a mold;

removing said molded article from said mold while said
article retains sufficient heat to cause

crystallinity in said molded article;
inserting a cooling pin in said molded article; and
creating an annular flow of cooling fluid within a dome

portion of said molded article so as to prevent
crystallization at least within said dome portion.
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to the creation of an annular fl , w Baslz hi gher §f;bb§g
potential t r cooling fl omagmjm L y . .
PCT/USQ8/14B€§”§@p§g.the novel coolleng L , e |ncon1ngg%?oﬁn éb d air

and outcoming warmair are conpletely separated and thus prevents mixing of
the two. A3 sh@he methiod. aBtardindiete arllaimg 6pi, n fidéthar pesnpt ekl S
centrally within the preformor nolded article, preferably so that the
central axis 220 of the cooling pin 74 is aligned with the central axis 222
of the preform2lAgndag BecsBERa} rawis Iifs shiigucecling pimevitilda 224 of the

cooling pin 74 in aken@pl axis of the molded article so that an
exterior surface of said cooling pin is a distance D
from an interior surface of said molded article;

spacing an outlet nozzle of said cooling pin a distance
¥ d from an interior surface of said dome portion; and

said annular flow creating step comprising positioning
said cooling pin so that the ratio of d:D is in the
"= = range of from about 1:1 to about 10:1.

p

64. The method according to claim 62, further comprising -
cooling exterior surfaces of said molded article by conductive
heat transfer or convective heat transfer and said exterior
cooling step occurs simultaneously with, at least partially

" simultaneously with, or sequentially with said annular flow
creating step.

65. An apparatus for forming a molded article comprising:

mold means for forming a molded article;

- means for removing said molded article from said mold
means while said molded article retains sufficient
heat to cause crystallinity in said molded
article; and

means for creating an annular flow of cooling fluid within
a dome portion of said molded article so as to
prevent crystallization at least within said dome
portion.

66. The apparatus according to claim 65, wherein said annular
flow creating means comprises a cooling pin positioned within
said molded article, said cooling pin having a central axis
aligned with a central axis of said molded article and an outer
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region UP is spaced fromthe inner wall 226 of the preformby a 10

di stahce D.’ nally, the outlet nozzle 92 of the cooli d%hjs
spaced fron1t gg gr wal | 228 of the dome portion 22 by a d?gpgﬁce d.

order to create the desired annul ar flow pattern of cooling-fluid, it |s
preferred shxfackewhicholefsprederwint inn interiangeunfacdont <€aild o Jateat

10:1. It '%r%'zé@elﬁy a awééﬂc@qsﬂarr@b's% h%owﬁ A%awﬁ @@%@f the

cooling pin be_forned & JConst tion

ver gent- nozz
preferred D0%gLe ‘é{hEIFBeiﬁe‘?iQ ‘Fﬁfizqré’“f &n tlﬁ@e&&??e?u@ﬁace? tof §%§Qﬂ% to
formthe opbretiof2ofrsaia wéIdedhirtiallee §n62ak§t§ﬁ)@§td Wedd G,iher’&n the

d dDb h
ool mg cofstal Be'a!8, §8°8 MR IR AR SHEMN £ SE BT A S dapes

fromthe pﬁéf@PnChastansemﬁnﬁnnukdnﬂﬁipw.

67. The apparatus according to claim 66, wherein said oﬁtlet
nozzle is formed by a divergent nozzle structure.

68. The apparatus according to claim 65, further comprising
means for cooling exterior surfaces of said molded artlcle by
=~ heat conduction transfer or heat convection transfer.

A, )
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Wiile a preferred construction for the cooling pin has 25 been shown in
Fig. 9(a), as shown in Figs. 8(a) through 8(g), 17 and 18, ' pi ns
74 can have™PPP8%e sizes and shapes to achi eve vari ous cooﬁ’ﬁ@ﬁgﬂ"g&gs.
For exanple, as shown in Fig. 8(a), the lower portion LP of the cooling pin
may have a dianmeter D2 which is different fromthe dianeter Dlerr] of an 30
upper portion UP of the pin. As shown.in Figs. 8(a) through 8(c), the
upper portion UP of the pins nmay have different shapes. Referring to Fig.
8(d), the cooli ng pin 74 may have Ib&é}al outlets 82 for discharging a

cooling fluid on1 e tallinity may
occur. -As 35 270 %él‘@eww%dﬁ glgm?é‘ﬁ?lﬂg}‘mﬂég @cﬂ‘l ﬁlg%i%g%ave hel i cal
grooves 84 to obi&i n specialized cooling effects. Simlarly in Fig. 8(f)
and 8(g), the coplNng pin 74 could have a plurality of ribs 86 spaced about

its periphery:@r a

al | .
§ § N reduced CT 15 sec.
,‘E: | | | | ‘ / long jT 18 sec.
O :’
—_ o % ) f ATv j;
L ! !
Holding Cooling Time
Transfer . - . . -
Post-processing cooling (Take—off plate)
FIG. 1
13 11 18 164
| i I ( / 22
— = = Z
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4 20
{
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Temp FIG. 2 Temp
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FIG. 3(a) FIG. 3(b)
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el ements 88. 15 WD 99/ 50039 :

PCT/ US98/ 14 iags. 18a and 18b illustrate a cooling pin 74, '

plurality 01&7(?%%02% conduits 230 for delivering cool ant on glrglzgk%?“?ﬁe
preform ot her than the done portion 22 such as the neck finish portion or
the body portion. The radial conduits 5 230 may be spaced al ong the

| ength of the cooling pin so as to direct cool ant agai nst particul ar areas
of a preform 48. The cooling pins Zﬁz@an be made from any-suitably

thermal |y conductive or thermally i'nsul ative material. If desired, as shown
in Fig.17, the cooling pin 74 may be nade

|
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10 froma porous material 232 so that additional coolant can be spread
in a very unjfaormmanner on areas of a preformother than tﬂﬁaﬂ@ﬁ%’%ﬁ sprue
gate portioﬁ”@?*sqﬁPa.preferred-enbodinent of the present i ﬁ,_%he
design of the cooling pin 74 is intended to concentrate nmaxi num 15

cooling at the sprue gate or dome portion 22 of the nolded article 48 and

t hus aggressively focus the cooling fluid to cool this region. In this way,
nol ded articles such as preforns B&g@ of crystallized areas in the sprue
gate or done portion 22 can be fo . 20 An alternative pin
construction with a cold air blow ng system which can be used in the
apparatus of the present inventionis illustrated in Fig. 9(b). As shown .
therein, the pin 74 has a cold air blow ng channel 90 having an outlet 92
for directing cold air against the interior surfaces of the
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25 nolded article 48, preferably the done or sprue gate portion 22 of

t he nbl ded ' The channel 90 conmunicates with a sourc ' air
(not shown) %i\?/(lsgﬁétoﬁsg inlet 94. The cooling pin 74 is further ﬁ@?ﬁgg% th a
vacuum channel 96 for renoving the cooling air fromthe interior of the

nol ded 30 article 48. The vacuum channel 96 may be connected to any
desired vacuum source (not shown). As can be seen in Fig. .9(b), the cooling
pin 74 is mounted on a portion of Q/QQane 98 by sliding pads 100, which are
used for pin self-alignnent, and a Tfastening neans such as nut 102. The nut
102 can be secured 35 to the elenent 104 which has an exterior threaded
portion (not shown). Referring nowto Figs. 6 and 7, the array of cooling
pins 74 is nounted onto a cooling frame 98 which can be made of a

| i ght wei ght material such as alum num According to the
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16 WD 99/ 50039 PCT/ US98/ 14972
present inventio the cooling frame 98 can be operated in g]

vertical or 6P?é?rbp:}90nt al position. In both cases, the franee‘l%s”ﬁ%?\./nabl e
towards the take-off plate 60 when the take-off plate 60 reaches its final
out of nold position. Any 5 sui tabl e means known in the art may be used
to nove the frame 98 so as to advance it at a high speed so that the
cooling pins 74 can be imedi at el ?’ej troduced inside the Aol ded article. In
a preferred enbodinent of the pre i nvention, the frame 98 is noved

usi ng hydraplic cylinders 110. According to the 10 present. ifnventi on,

t he nunber of jcooling pins 74 can be the
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sanme or |ess than the nunber of receptacles 62 in the take-off plate 60.

According t sent invention, the take-off plate 60 i mnth
means for hgfégﬁa&% e nolded articles or preforns 48 within ?ﬁg receptacles
62 such as 15 suction neans (not shown), and with neans for ejecting the

prefornms fromthe take-off plate. The hol ding nmeans and the ejection neans
may be those disclosed in the aforenentioned US Patent No. 5,447,426 which
has been incorporated by reference ?Q gein. As shown in Figs. 6(c) and 6(d),
the cooling frame 98 20 S prOV|ded with a plurality of spaces 112. The
spaces 112 allow finally cooled nolded articles or preforns ejected from

t he- take-of f" plate 6Q to be dropped ento—a—conveyor 114 66 transportation
away fromthe [system In preferred enbodi nent of the g/esent i nventi on,
the fully coolled preforng 48 are 25 dropped onto the" conveyor 114
through the spgaces 112 bj

S22 T [3112111|[3H2|] 1113121

62
48
= = ﬂfmﬂﬂnzﬂﬂnzﬂﬂnzm
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110~] 3 ) 110
114
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| aterally shifting the cooling pins 74 relative to the receptacles 62

hol ding the preforns that have to be ejected fromthe take-off-plate 60.
This is the V@‘ag%(s n the cooling frame is in a horizontal f&gﬁﬂ‘.""%en
the cooling franme is 30 in a vertical position, it does not interfere
with the preforns dropped by the take-off-plate. Referring now to Figs.
7(a) and 7(b), a first array of cooling pins 74 is illustrated. As can be
seen in Fig. 7(b), the cooling pin? éé each have cooling air passageways 90
whi ch 35 comuni cate with a sou é of cooling air (not shown) via the
passageway 122. Incorporated into the passageway 122 are a nunber of air
val ves 124 which can be used to regulate the flow of cooling air. In this
way, variable anounts of cooling air can be supplied to the cooling pins

4. 17
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WO 99/50039 . PCT/ US98/ 14972
Referring nowologssensg- 7(c), it is also possible to directly prpxisoigi46RCH
cooling pin 74 wth air froma source of cooling fluid (not shown) via a

si mpl e passageway 126. Still further, as shown in Fig. 7(d), if desired,

t he passageway 126 5 coul d be connected to the fluid conduit 120 in each
of the cooling pins via a flexible conduit 128. According.to one enbodi nent
of the present invention, the cool ig@gpins 74 enter the preforms retained
by the take-off plate 60 in a few steps, and at each step the preforns that
are 10 nol ded at different tinmes are at different tenperatures. 1In
order to optim ze the overall cooling step and to avoid the .

I

FIG. 7(d)
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waste of coolant, during the first step of cooling the preforns are very
hot and thus a nmaxi mum anount of cooling air is delivered b ins, In
t he second &'r?c?gfsﬂ‘é”subsequent steps, 15 t he amount of co%FitrH%ggﬂ‘Q%
directed by the pins engaging the first nolded preforms is substantially
| ess than the amount directed towards the newy nol ded and hotter preforns.
In order to further optim ze the cooling process, any known suitable
tenperature sensors, such as a thef oupl es, can be 20 - used to neasure
the tenperature of the preforns before and after cooling th
adj ust nent s of..cUBI ing rat n be done qpi ,w- interr
nol di ng cycl e I a preferred o+-kBnt , t HE UBIes (no
1 ".4

71

7 1h%
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connected to b H cool i ng con means ( hot ) are_l og
t ake-of f pl at 45 P5 adj acent tlo each pre By mbhiT ) the
t enperature of h preform §pone {adj ust nent|s cah be nade t ¢ anmount of
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cooling air delivered to all cooling pins 74 or to sonme of the cooling pins

74. This nmE npensate for any cooling inefficiencies

non- uni f or m yb%‘/%bﬂ?ﬁe conduction cooling 30 nmeans | ocat edp‘l’:’ﬁmts9h$g49?2
take-of f plate. Referring nowto Figs. 10(a) and 10(b), Fig. 10(a) shows a
preform 48, in sectional view, nolded by a prior art system As shown
therein, the preform48 may have crystalline areas in four different zones
i ncludi ng the done portion 22 and1oygoneck 35 portion 13. Fig. 10(b) on
t he other hand shows a preform 48, 1n section view, which has been

manuf act ured using the system of the presergpinvention. As shown therein,

there are no areas of crystallinity. 18
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‘SUBSTITUTE SHEET (RULE 26)




WD 99/ 50039 : _ PCT/ US98/ 14972 Anot her
enbodi nent | resent invention is shown in Figs. 11(a) 1(1)
where the tgﬁgé%ﬁPPplate 60" is always maintained in a vert?%g g%%@f%ion
during the entire nolding cycle. This elimnates a conplicated notor and
makes 5 it lighter and thus faster to nove in and out of the nold space
formed between the nold halves or nold plates 32 and 36. The cooling frane
98' used in this system has an aq%fggmal function and ar additional
novenent. First of all, the pins 74" use blowing air to cool the nol ded
articles or preforns and 10 sucking air to extract the nolded articles
or prefornms fromthe take-off plate 60'. The preforns are be held on the
pins 74" by the vacuum and renoved fromthe tubes 62' within the take- -- .
off plate 60' during a back nmovenent. The cooling frane 98
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has a novenent to approach and nove back fromthe take-off- 15 pl ate 60
and further {ase@egzetation to nove froma vertical to a hori pephibs/fyesi tion
parallel to a conveyor 114" to allow the preforns to be ejected from.the
pins 74" by stopping the vacuum According to the present invention, any
sui tabl e means known in the art can be used to rotate the cooling frane 98
20 with the pins 74'. According to a preferred enbodi nent of the

i nvention shown in Figs. 11(a) thr@gpﬁoll(l), a stationary cam 130 is used
as a very sinple neans to convert the translation of the frame into a
rotation so that the preforns held by the cooling frane can be dropped onto
a conveyor 114'. As shown in 25 Fig. 11(h), the cooling pins 74" can
engage the preforns by cuu&#and renove them fromthe take%pff pl ate 60'.

Next the prefosns ar opped (from the pins 74' ontogg'convigyor. The

operation of f“~ I ve ¢idol i ng appar at us I

C, -I
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FIG. 11(c)
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present invention can be understood fromFigs. 6(a) through 30 6(d).
After the in-nmold cooling process which is shortened up to th I.nt ere
the articl esw%f"wﬁ?”é? ornms reach a solidification status that %&@%ﬁa‘s‘”ﬁei r
deformation, the nold is opened and the take-off plate 60 is noved into the
nol di ng area between the nold core plate 36 and the nold cavity plate 35
32. Relative novenent between the nold core and nold cavity plates may be
performed in any manner known in tﬁf t using any suitabke neans (not
shown) known in the art. After the e-of f plate 60 reaches the out of the

nmol d position, the cooling pins 74 are engaged with the nolded articles for
19 .
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FIG. 11(i) FIG. 11(3)
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WO 99/ 50039 PCT/ US98/ 4972 cool i ng,
especial ly 1 me area 22 of each article or preform

t ake- of f plg¥85%%m as been descri bed as having water Coo|edV?€§§§&?§?n
conduction cooling of the exterior 5 surfaces of the prefornms within the
hol ders 62, there are tinmes when one would want to not start cooling of the
exterior surfaces when the preforns are first placed within the take-off
plate: To this end, neans may be pqqghged to control coolirng within the

t ake-of f plate so that such cooling does not start 10 until after
internal cooling of the preforns has begun and/or finished. For exanple,

sui tabl e val ve neans (not shown) may be incorporated into the take-off

plate to prevent flow of a - cooling fluid until a desired point in
time. In this way, internal and external cooling of the preformnmay be
pr ef or ned '

N 210

12

FIG.

210
210
s
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15 simul taneously, at least partially simltaneously, or sequentially.
Fig. 16 ill ra anot her enbodi nent wherein a take-off pl Mt h no
cool i ng neaﬁéb?@&ﬁ%%d to renove the nol ded preforns fron1théﬁ%§P§8ﬁa%%rea.
The take-off plate 60" nmay 20 have preform hol ders 62" sufficient in
nunber to accomobdate either a single batch or nmultiple batches of

prefornms. The preforns are retai ned by vacuum neans (not shown) that

t hrough t he openi ngs 240 suck on gg? 5prue gate or done pertion 22 of the
preforns 48. The preforns are als @ ai ned by the hol ders 25 62" which
can have any desired configuration that allows the preforns to be directly
cool ed using a cooling gas/air. The holders 62" are preferably stiff enough
to retain the preforms and have perforations or other openings 242 and 244
where the hol ders do not have any direct contact with the preforns. By
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30 havi ng these kind of holders that only partially cover the outer
surface of §H9omdees or ns, the preforms can be cool ed on thei PCOAISES14972 _
surfaces, while they are additionally cooled internally by the cooling pins
74. In this case, the cooling step conprises the transfer of the preforns
fromthe nold to 35 the take-off plate 60", the novenent of the take-off
pl ate 60" outside the nolding area, to the cooling area which is adjacent
the nolding area. At the cooling18y/28, the preforns 48 are internally

cool ed using the frame 98 and the cooling pins 74 that enter at | east
partially inside the preforns. At the sane 20 WO 99/ 50039

PCT/ US98/ 14972
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time, the preforns 48 retained by the take-off plate 60" have their

exterior su convectively cool ed by an additional cooli | 250
t hat bl ows Q@%Zﬁ%gsﬁt fluid towards the preform hol ders. As ;&gﬁs&wgg‘g

16, the additional cooling 5 station 250 has a plurality of nozzles 252,
254, and 256 for blow ng coolant toward the outer surfaces of the preforns.
The nozzl es 252, 254, and 256 bl ow cooling fluid through wi ndows 258 in the
take-of f plate 60" and onto the<mﬁézqfurface of the preforms via w ndows
or openings 242 and 244 in the pre 10 hol ders. The nozzl es 252, 254
and 256 bl ow cooling fluid through openings 242 and 244 in the preform

hol ders 62" and onto the outer surface of the preforns. Wiile the
additional cooling station 250 has been shown as having nozzles for cooling
two preforns, it should be recognized that in actuality 15 t he cooling

station 250 may have as many nozzl es as needed to

.
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cool the outer surfaces of any desired nunber of preforns. The use of the
addi tronal i tation 250 allows the preforns 48 to be g usly
cool ed insigggg%gﬁgﬁt usi ng cooling neans that are independeﬁ?ﬂp$%ﬁ??%e
take-of f plate 60". 20 Thi s approach nmakes the take-off plate 60" very
light, very fast and easy to service. |If desired, the preform hol ders 62"
may grip the prefornms solely around the neck portion, thus |eaving a nore
open wi ndow for. the bl own cooling,ﬁ#g¥ﬂ to cool the outer-portion of the
preforms. 25 Accordi ng to another enbodi nent of the invention, the
take-of f plate may include external cooling neans using blown air or may

i ncl ude no cooling neans. In both cases, internal cooling is achieved using
t he novel cooling method and apparatus of the present invention. 30

The innovative cooling nmethod and apparatus of the present
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i nvention are extrenely beneficial for cooling preforns nolded in high

cavitation t. is well known that the tenperature of t ' resin
fl ow ng thrgﬁgﬁﬁgm#bld varies quite substantially for a varﬂgﬁgﬁ%kaﬁgﬁsons
including: (a) 35 non-uni form heating of the hot runner manifold; (b)

formati on of boundary |layers inside the manifold' s nelt channels; (O
non-uni formnold cavity cooling; and (d) insufficient cooling at the nold
gate area. One consequence of the {Q?? rature variations across the nold is
that the cooling tine has to be 21 99/ 50039

PCT/ US98/ 14972 adjusted at the local level so that the hottest preforns are
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cool ed before any crystallinity occurs in the final prefornms. In order to
prevent for jpdbkyesf crystallized zones, the cooling system %/Egﬁnggﬁsent
invention is able to provide a 5 different cooling pattern that can be
tuned according to the tenperature signature of each nold. Sensors in the
take off plate 60 can be provided to regul ate the anmount of cooling from
each cooling pin 74. Another consequence of the non-uniformtenperature
inside the nold is that in nost C@%yédhe gate 10 sprué area | ocated on
the done section 22 of the preforns’i'S the hottest part of the nol ded
preform Because this sprue gate portion is slower cooled in the nold

cl osed position, chances are that this portion will be highly crystalline
if the in-nmold cooling is too long or if no additional cooling is 15

provi ded outside the nold. According to the present invention, the cooling
pins 74 blowing cold air inside the preform

|
¥
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FIG. 23
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i medi atel y adj acent the sprue gate area is a novel operation that prevents

in a very efficient manner the formation of crystallized areas in the

preform 20 The innovative cooling nethod and apparatus of t

present invention are also beneficial for conpensat :2;90 o 0thes dbdi T

i nefficiency of the take-off plate It may happen t d QTt e 'iTT@EPCt
h

contact between the hot nol dedu “ﬂ’ljlﬂHHWWMLcool ing tu
tenperature of the nolded arti t ake- of f qPﬁﬁé may_vary
across the plate. According to t he pre gent i*vention, the tenperature

sensors | ocatedrpimghe take- off plate or the cooling frane can be used to
provi de i nfornmattom to a cooling control unit that varies the amount of
cooling fluid directed to each preform 30 The adaptive cooling
approach kent ifometheg far prodicindanteided| apdadigs corpriaang e i nt o

account the fact that the
steps of:

removing a molded article from an injection mold while said

article retains an amount of heat;

preventing crystallization in a dome portion of said molded
article by contacting said dome portion with a flow of cooling

fluid; and

said contacting step comprising placing a cooling pin
having a fluid nozzle in a tip portion within said molded
article in cloée proximity to said dome portion and expelling
éooling fluid through said tip portion directly onto said dome

portion.

2. The method of claim 1, wherein said expelling step
comprises expelling said cooling fluid so as to create an
annular flow of said cooling fluid within said dome portion of

said molded article.

3. The method'according to claim 1, further comprising:

) . o REPLACEMENT SHEET]
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tenperature pattern of the nolded preforns can vary during the day, the
function of the specific resin used, the function of the machine settings,
por due t-o |ocal variations in_Lhe_SE————%thRﬁégé of the preforms caused by

I mproper val ve stem actuation in Eozzle or due to uneven
core shift |n_the nol d caV|t|es La “al are neither predictable
nor easy to fix; however, the p vent fon* provi des a 22 WO

99/ 50039 _ PCT/ US98/ 14972 mechani sm
to tune the post-nolding cooling step for each cavity based on the
tenperature of each nolded article or preform A significant redyction of
the cycl e tinsaidr piaeingnslen comprising placing a cooling pin having

at least one internal passageway and an outlet nozzle in said

tip portion into the interior of said molded article; and

spacing said outlet nozzle a distance D from an interior
wall surface sufficient to create an annular flow of said

cooling fluid.

4, The method according to claim 3 wherein an exterior surface
of said tip portion is spaced from said dome portion of said
molded article by a distance d and said step of spacing said
outlet nozzle comprises spacing said outlet nozzle so that the

ratio of d:D is in the range of about 1:1 to about 10:1.
5. The method according to claim 4, further comprising:

connecting said at least one internal passageway to a

source of cooled, pressurized air; and

said expelling step comprising blowing said cooled air onto

said dome portion.

6. The method according to claim 1, further comprisiﬁg:
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of increasing the post nolding cooling time can be achieved by 5
simplifying the design and the noverments of the take-off plate and the
gooling frame. This has to ery critical assenbling,
servicing and operation const @Hﬂﬂﬂf rlgldlty, novenent accuracy,

al i gnnment between the coolin | ded articles or prefornms on
the take-off-plate 10 and V|bma o the location of the cooling
frame with the pins has to be decided in such a manner to reduce the "foot
print” of the entire machine. Reference is made in this regard to Figs.
13(a) and 13(b Wg h ShOM/ not enbodi nent ofé& e present inyvention
where 15 Qﬁﬁn pF EF?Qﬁﬁm9?§pFﬁséF% g BBSF?PB%aﬁurlng t he

addi ti onal alr ollng Ste aral | 0.t he es 3 26. The
cool i ng | FRAGS JBETHERT dnte Eeea SORERGRS PReseipamolad e goratos it
cool i ng pi nslzréllgelg\%rclar atnhe nol ded articles

allowing said cooling fluid to flow through said annular

space and escape into the ambient environment.

7. The method according to claim 1, further comprising cooling
exterior portions of said molded article after said molded

article has been removed from said mold.

8. The method according to claim 7, wherein said exterior
portion cooling step is performed simultanecusly, at least
partially simultaneocusly, or sequentially with said expelling

Step.

9. The method according to c¢laim 7, wherein said exterior
portion cooling step comprises cooling said exterior portions by

heat conduction or heat convection transfer.

10. The method according to claim 7, wherein said exterior
portion cooling step comprises placing said exterior portions of

said molded article in direct contact with a chilled surface.
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or preforms 48. After all the preforns are cool ed, the cooling 20 frame

98 is retracted, the take-of f_plate-66—+sTotated at 90[err] and parall el
t:0 a conveyor 114 and then the ¢ re renmoved fromthe plate
60. This approach sinplifies th Wﬂ hﬂﬂﬂl@ool ing franme which does not
need rotation neans and neans Mts interference wwth the preforns
ej ected 25 fromthe plate. Further reference is made to Fig. 14 which
shows anot her enbodi ment of the invention where the robot take-off plate 60
conprises additional translation nmeans 150 to nove the performs 48 along an
axi s paral eI t V. Th I+ al novenent

of the pre or rr%ﬂiép %Hr?pcf)éfc?gg&%ég g%):)%llag"gl 1? falr?r‘;r%ger CO%%' i é%g

substantially stationary during the cooling process. As shown |n Fig. 14,
the take-off plate 60 or other neans for holding the perforns is translated
al ong the

providing a take-off plate having a holder for said molded
article, said holder having a plurality of openings for exposing
outer surfaces of said molded article to a flow of cooling

fluid;

said removing step comprising loading said moclded article

into said holder in said take-off plate; and

said exterior cooling step comprising providing a cooling
platform with a plurality of nozzles and blowing a cooling fluid
through said nozzles and through said openings in said holder

onto said outer surfaces of said molded article.

12. The method according to claim 1, further comprising:
forming a plurality of molded articles in said mold; and
said removing step comprising providing a carrier having

receptacles for said molded articles and transferring said

molded articles to said receptacies.
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axis X towards the statiemrary Tooling frame 98. After the 35 cool i ng
step, the take-off plat ' Tﬂl y 90[err] so that it faces the
gonveyor- 114 and thus tm&ﬂmﬂﬂm are ejected. Further reference is
made to Fig. 15 which s chovelw aisr tooling neans attached to the

take-of f-plate 60. The approach 23 WO 99/ 50039

PCT/ US98/ 14972 shown in this figure elimnates the need for a separate

frame for_holding the cooling pins and thus reduces the size of the cooling
syst em an¥ t hiPomethedi AFeetdid o LAY nbehi FEtiPRe cABAF DY ng pins 174

have an approxi mate U-shape and can be .
cooling exterior portions of said molded articles while said

molded articles are in said receptacles and being transported by

said carrier to a position outboard of said mold.
14. The method according to claim 12, further comprising:
providing a frame having a plurality of cooling pins; and

said contacting step comprising relatively moving said
frame and said carrier so as to insert said cooling pins into
the interiors of said molded articles immediately after said
carrier and said molded articles have been withdrawn from

between mold halves of said mold.

15. The method according to claim 14, wherein said expelling
step comprises blowing cooling fluid through said pins onto the

dome portions of said molded articles.
16. The method according to claim 12, further comprising:

said molded article forming step comprising forming a

plurality of preforms; and
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5 noved all together parallel to the preforns 48 so that they can be

I ntroduced i nside the preforms—and nmoved out of the preforns using a thin
strip 176 actuated by p|ston nown neans. The pins 174 can
be al so rotated around an aX| mw“ﬂgmﬁ"ﬂr “ﬂ the preformso that they can
be brought into or 10 romaxial alignment with the preforns.
Thi s sinmultaneous rotation of all the plns 174 can be achleved usi ng any

sui t abl e nmean nown i Acc n i nvent e U—shaped
cool i ng pi ns f?‘é’ ﬁ&&&ngw;%ﬂw%g it ht%&?”s&) BF@FOF’ 1‘fgl\/l

paral | el ARM " A" that is used 15 for moving ARNI"A", and an ARNI"B"

t hat con ;nga%l;ge tBEBEFA®T . The rotation of the pins around the axis
A of ARM"C' can be done in various ways. As shown in Fig. 15, this can be
done using an elongated rack 178, operated by piston AA that is in

engagenent Wi th pinions 180 attached to the ARM"C' of each
17. The method according to claim 1, further comprising:

forming a first set of molded articles in a mold formed by

two mold halves; and

'said removing step comprises providing a carrier having a
plurality of receptacles for receiving said molded articles,
moving said carrier to a first position between said two mold
halves, transferring said.molded articles to said receptacles
while said carrier is in said first position, and moving said
carrier with said molded articles in said receptacles to a

second position outside of said mold.
18. The method according to claim 17, further comprising:

said expelling step comprising directihgla'flow of said
cooling fluid into the dome portion of each of said molded
articles of said first set via a plurality of cooling pins so as
to substantially prevent crystallization in the dome portion of

each said molded article; and
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20 cooling pin. The sane rotation ing frictional means,

one in translation and the other in rotatio i. the transfer of the
preforms 48 fromthe cores 38 to thamm‘“‘ﬂ‘\ 2 of the take off plate
60, the U-shaped cooling pins 174 c ¢n a dedicated | ocation
| ocat ed 25 adj acent each cooling. tube 6 so that they do not interfere

with the noving preforns and | ess space is needed to open the nold.

| medi atel y af t 8 er [ i he_take-of

t he cooling pl%giqjgﬁﬁg#g' egﬁ?g éﬁ?ﬁﬁ%ﬂﬁg gg%r%?+éiﬁﬁfrﬁgfmﬁkde%agfﬂg
pi_,ston BB_a strip 17 Mhen they reach a certain helght

whi ch al |l WEQA?&;JA“ J'lngs %oﬁefgxbg(ﬁost%é‘oﬁreform they are rotated in axial
alignnment with the preforns and finally introduced inside the preforns

through the retreat of the piston BB. The pernmanent contact between the

strip 176 and each ARM "C" is provided by a coil spring 182
19. The method according to claim 18, further comprising:

providing a frame having said plurality of cooling pins:

relatively moving said frame and said carrier so as to
insert said cooling pins into the interior of said molded

articles forming said first set prior to said expelling step.
20. The method according to claim 18, further comprising:

sensing the temperature of each of said molded articles;

and

adjusting the flow of cooling fluid into the interior of
said molded articles in response to said sensed temperatures,
said adjusting step comprising adjusting wvalve means associated
with said cooling pins so as to adjust the flow of cooling fluid

through individual ones of said cooling pins.

21. The method according to claim 18, wherein said directing

step further comprises directing said cooling fluid into the

) . REPLAGEMENT SHEET
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35 whi ch operates agai nst shoul der 181 or any ot her appropriate neans. A
flexible tube 184 is used to supply blowing air to each cooling pin through
ARM "C'. "This design of the cooling pins attached to the take-off plate

brings the foll ow ng advant ages: si npl | Bl the size of the
cool ing 24 WD 99/50039 lllllﬂﬂllﬂmllﬂllﬂﬂmr

PCT/ US98/ 14972 system inproves the coofirnfg raté& because inside cooling
starts imediately after, the preforns are in the take-off plate, .inside
cool i ng camis&1abR e butaisy moddefpdeketheort Re fiaRE- TR rﬂgtféoé’nﬂurmg
practically continuously for as long as the preforns 5 are al so cool ed
by the talefdFptpPatrklion of ianGFophéne|@tdleorngf at a second, lower rate

of flow during a second portion of said cooling cycle.

22. The method according to claim 18, further comprising:

withdrawing said cooling pins from the interior of said

molded articles;
moving said carrier back to said first position;

transferring a second set of molded articles into said
receptacles within said carrier while said first set of molded

articles is still within said receptacles in said carrier;

returning said carrier with said first and second sets of

molded articles towards said second position; and

inserting said cooling pins into the interiors of said
molded articles in said second set after said carrier exits said

mold and is in said second position.

23. The method according to claim 22, further comprising

cooling said second set of molded articles by directing a flow
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t’he cool ed preforns, the cooli plns must be a§a|n rotated towards their

initial position so that they are Eﬂ“ﬂﬂu d with the preforns.
Further reference is made to Flg ir cool i ng neans

conprising cooling channels 210 |neorboretéd *n the nDId hal ves 32, 36 that
all ow cooling of the preforns held by the nold cores, during and
innediately after openi ng the nold and before the take off plate enters the

nol di ng ar &; a qnal oling step . wll _further_solidify.the
oreform 18 °8 SliBr o dafe. B8R ok Forighongtadhiar eRdchBPiceTea and
before the trapsferred to the take-off plate. According to another
enbodi menta iﬁé OF 3t SERoBft FBh, Vit AR 1 FOBLIRARIRS FRd@SsFBod from

ot her dramnn%s in this application, the rqobot and fhe_ take-off pIate retain

only a 20 SUbSEPREERLbARISVSLEpFEYFHEL 1234308, 1phgaith R &97ELeBsOLt he

t ake-
each molded article.
24. The method according to claim 23, further comprising:

ejecting said molded articles of said first set onto a

transfer device.
25. The method according to claim 19, further comprising:

providing a cooling station having a plurality of nozzles

connected to a source of cooling fluid;
positioning said cooling station adjacent said carrier; and

directing cooling fluid onto exterior surfaces of said
molded articles by blowing cooling fluid through openings in

said receptacles onto said exterior surfaces.

26. The method according to claim 25, further comprising
applying a vacuum to each of said molded articles to hold said

articles in said receptacles during said exterior cooling step.
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e 4
off plate is parked outside the n?Lgﬁggﬁg/and’EBETT’g air or refrigerated
air is blown inside each preformf e c M\gms The cool ed preforns
are ejected formthe take-off plate “& ght back into the

nol di ng area wi t hout 25 carryi ngr&\ ws> Fig. 23 illustrates an
alternative construction of the franex98*for hol ding the cooling pins 74.
As shown in this figure, the frane 98 nay have cooling pins 74 on two
opposed surfaces. Further, the frane may rotate about a first axis 300 30

and a second axis 302 which is perpendicular to the first axis 300. Any
sui tabl e Eﬁans (not shgmn) known | n the art q;r be used to rotate the frane
e a

98 about HELPPEFLHT 505 PERAUGIRg & otded @ntjsdeorhiehst ruction, it

is possible to have a first set of cooling pins 74 engage the preforns 48
in a 35 COMBKESHIT plate 60 and begin internal cooling of the preforms.

means for removing said molded article from a mold while

said molded article retains an amount of heat;

means for preventing crystallization in a dome portion of
said molded article by contacting said dome portion with a flow

of cooling fluid; and

said crystallization preventing means comprising a cooling
pin having a fluid nozzle in a tip portion positioned within

said molded article in close proximity to said dome portion,

whereby cooling fluid is expelled through said fluid nozzle

in said tip portion directly onto said'dome portion.

28. The apparatus according to claim 27, wherein said tip
portion of said cooling pin is sufficiently close to said dome
portion so as to create an annular flow of cooling fluid within

said dome portion of said molded article.
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The preforns 48 may then be transferred out of the holders 62 in the
take-of f plate 60 onto the pins 74. The frame 98 can then be rotated about

281 vaing carried out 25 - wo oo sonlll IINHNTIRLNGHE" o o tne prefor

PCT/ US98/ 14972 by the pins 74. After tht first 8et®of” preforns has reached
the left-hand position shown in Fig.” 23, a second set of cooling pins 74

may engage_ a second set of preforns 48 held ip the t - I f
desired, the |B1% 3PRAG2ERE %#C?ﬁ F 8 ﬁgagﬁkﬁhaygef%gﬁrgéi 2%?§§n§3rfaces

convecti vely cool ed usi ' ' [ [
- piX blows cooieggpgescggzl'iz% %ti%t Er%'o 3503%'.4" %\erégpgrgléﬁ .a lity of

30. The apparatus according to claim 29, wherein said cooling
pin has at least one passageway communicating with a source of

said cooled air.

31. The apparatus according to claim 27, wherein said cooling
pin has a central axis aligned with a central axis of said
molded article and is spaced from interior surfaces of said
molded article by a distarice D so as to form an annular space
between said interior surfaces and said cooling pin and wherein
said cooling pin has an outlet nozzle and said outlet nozzle is
spaced from the interior surface of said dome portion by a
distance d and wherein the ratio of d:D is in the range of from
about 1:1 to about 10:1 so as to create an annular flow of said -

cooling fluid.

32. The apparatus according to claim 31, wherein said outlet
nozzle is formed by a divergent nozzle structure; and wherein
said cooling fluid circulates through said annular space and

escapes into the ambient atmosphere.
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nozzl es (not shown) for bl ow ng cold—air—onto the exterior surfaces. |f

desired, the frane 98 nay have a pre it pl ate 308 attached to
iit. 26 - 1. A nethod for produci nqum&mmm“e conprising the steps
of : renoving a nolded article from oy e said nolded article retains
an amount of heat; said renoving step conprises placing said nolded article
in a take-off device and withdraw ng said take-off device with said nol ded

[ [ hal ves _of sajd | d; .
article tggfe'£h£ré¥BJ¥% %%egcggéékng to claim §+, Eg%tﬁer comprising

- said removing means comprising a carrier having a receptacle for

" receiving said molded article.

34. The apparatus according to claim 33, wherein said carrier
has means for cooling exterior surfaces of said molded article
by conduction while said molded article is within said
receptacle so that the shape of said article is maintained

without any deformation.

- 35. The apparatus according to claim 33, wherein said

receptacle comprises a water-cooled tube within said carrier.
36. The apparatus éccording to claim 33, wherein:

said mold comprises a mold formed by two mold halves;

said carrier is indexed between a first position
intermediate said mold halves and a second position outboard of

said mold halves; and

said mold has means for cooling said molded article to a

temperature substantially close to the crystal-glass transition
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inserting a cooling pin into said nn#ded_aLLLQLQ_LHHE%%ateIy after said
t ake-of f device and said nol ded article have been wthdrawn from between
said nold hal ves, said inserting step g atip portion of
'said cooling pin in close proximty t lﬂﬂ#ﬂ'ﬁ a dome portion of
said nolded article; and applying a. coolln | uf d %l#ectly to said done

portion via the tip portion of said coollng pin and maintaining said tip

portion spaced from said done t th hout th I
ool i ng  FAREETaLIre Fhe CHBENERE IO AFELCRAIY P APaatsh PR & ep

conprises expelling said cooling fluid so as to create an 27
. the mold without sufferfhg any geometrical deformation.

37. The apparatus according to claim 36, wherein said cooling
pin is mounted on a frame which moves relative to and

independently of said carrier.

38. The apparatus according to claim 37, wherein said carrier
includes a plurality of receptacles for holding a plurality of
molded articles and said crystallization prevention means

comprises a plurality of cooling pins mounted to said frame.

39, The apparatus according to claim 38, wherein said frame
includes a plurality of apertures for allowing cooled ones of
said molded articles to be ejected from said carrier while said
Cooling pins are engaged with certain ones of said molded

articles which have not completed a cooling cycle.
40. The apparatus according to claim 38, further comprising:

said frame having a passageway connected to a source of

said cooling fluid;
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annul ar flow of said cooling fluid within said done portion of said nolded

article so as to substantlalIy_BFEVéﬁT—trys%aLLLzation 3. The met hod
according to claim1, further co d inserting step conprising
inserting a cooling pin haV|ng h@% nal passageway and an
outlet nozzle in said tip pOFtIOW‘IRtOL or of said nolded article;

and spacing a side wall of said outlet nozzle a dlstance D froman interior

I f f t t t Lar fl | fluid. 4.
The. mathod acobPil iRl BEHE o°F0H (HEPBOARFLAF - A nB B RERTH axi s

of said cgghing p|n with a central axis of the nDIded article.

valve means for supplying regulated amounts of said cooling
fluid to each said cooling pin, whereby the amount of cooiing
fluid supplied to each individual cooling pin is regulated by
said valve means in accordance with a particular stage of a

cooling cycle.

41. The apparatus according to claim 40, further comprising
means for sensing the temperature of each molded article and
means for controlling the amount of fluid supplied to each said
cooling pin in response to the sensed temperatures of said

molded articles.

42. The apparatus according to claim 38, further comprising:

each said cooling pin including means for removing a

respective one of said molded articles from its receptacle; and

means for moving said frame between a first position and a
second position where said molded articles are ejected from said

cooling pins by ceasing operation of said removing means.
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5. The method according to claim4 In an exterior surface of said

tip portion is spaced fron1sqLdA*ﬂﬁ§%ﬁ§ﬁ1?//§§k$aid nol ded article by a

di stance-d and said step of spaci \m\\ nozzl e conpri ses spaci ng
said outl et nozzle so that the m\m( sis"in the range of about 1:1 to
about 10:1. 6. The met hod acc g to claim 3, further conprising: 28
connecting said at | east one internal passageway to a source of cool ed,
pressurized air; and said applying step conprising blowing said air onto
sai d done 43ert [bae.apparatus according to claim 42, wherein said frame

moving means comprises means for converting translation of said

frame into rotation of said frame.

44. The apparatus according to claim 38, wherein said carrier
includes means for holding said molded articles within said
receptacles and means for ejecting the molded articles from said

receptacles after cooling has been completed.

45. The apparatus according to claim 38, wherein each of said
cooling pins has a first portion with a first diameter and a
second portion with a second diameter, which second diameter is

different from said first diameter.

46. The apparatus according to claim 38, wherein each of said
cooling pins has lateral outlets for discharging said cooling
fluid onto sidewalls of the molded articles where crystallinity

occurs.

47. The apparatus according to claim 38, wherein each of said

cooling pins has helical grooves in its exterior surface.

48. The apparatus according to claim 38, wherein each of said

cdoling pins has a plurality of ribs spaced about its periphery.
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7. The nethod according to claim3, further conprising: said inserting
step further conprising form ng an annul ar space between interior surfaces
of said nolded article and said pin; and allowi ng said cooling fluid to
fl ow t hrough said annul ar space and escape into the anbient environnent. 8.
The net hod accordingto claim1, further conprising cooling exterior
portions of said nolded article after said nolded article has been renoved
fromsaid nold. 9. The nmethod according to claim8, wherein said exterior
portion cooling step is perfornmed sinultaneously with said cooling fluid
applying step. 10. The nethod according to claim@8, wherein said exterior
portion c8dti nPesrPparatys, 2eForting tPeairip a8 Mereinnereh oA with
said cooling fluid apglying step.,

. codoling pins has a plurality of contact elements spaced around

its periphery.

50. The apparatus according to claim 38, wherein each of said
cooling pins concentrates maximum cooling at a dome portion of

the respective molded article in which it is positioned.

51. The apparatus according to claim 38, wherein each said
cooling pin includes means for removing cooling fluid from the

interior of said molded article.
52. The apparatus according to claim 38, further comprising:

each said cooling pin having an approximate U-shape and
being movable between a first position where one arm of said U-
shaped cooling pin is positioned within said molded article and
a second position where said one arm is withdrawn from said

molded article;

means for axially moving each said U-shaped pin between

rurne
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29 11. The method according to claim8, wherein said exterior portion
cooling step is performed sequentially with said cooling fluid applying
Step. 12. The method according to claim@8, wherein said exterior portion
‘cool ing step conprises cooling said exterior portions by heat conducti on.
13. The method according to claim8, wherein said exterior portion cooling
step conprises placing said exterior portions of said nolded article in
direct contact with a chilled surface. 14. The nethod according to claim 8,
wherein sai d exdaais dbr rotating each said U-shaped cooling pin to a

Y third position where said one arm of each said U-shaped cooling
pin does not interfere with removal of said molded articles from

said carrier.

53. The apparatus according to claim 38, wherein each of said
cooling pins is formed from a porous material so that cooling
fluid can be applied in a substantially uniform manner to

multiple portions of said molded article.

54. The apparatus according to claim 38, wherein each of said
cooling pins has a plurality of radial conduits for applying

coolant to multiple portions of said molded article.

55. The apparatus according to claim 38, further comprising
means external to said carrier for blowing a cooling fluid onto

said exterior surfaces of said molded article.

56. The apparatus according to claim 55, wherein. said carrier
has a receptacle for holding said molded article and said
receptacle has openings in its side and bottom walls and wherein
said external blowing means blows cooling fluid through said

A
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portion cooling step conprises cooling said exterior surfaces by convective
heat transfer. 15. The method according to claim 14, further conprising:
Said removing step further conprising providing a take- off device having a
*hol der for said ol ded article, said holder having a plurality of openings
for exposing outer surfaces of said nolded article to a flow of cooling
fluid; said renpving step further conprising |oading said nolded article

nto sai dshol dffe Ifppadhtul AkEeofdinlethCela fithei0 rurthal logiherdinig CoOli Ng
step conprising providing a cooling pl atformw'th a plurality of nozzles
qu blo“‘ﬂgaﬁs external to said carrier for directing cooling fluid

against said exterior surfaces of said molded articles.

58. The apparatus according to claim 57, wherein each of said
receptacles has openings in its side and bottom walls and
wherein said external cooling fluid directing means blows

cooling fluid through said openings onto said exterior surfaces.

59. The apparatus according to claim 38, further comprising
vacuum means for holding each of said molded articles in a

respective one of said receptacles.

60. A method for forming a molded article comprising the steps

of:
removing a molded article from a mold while said article
retains sufficient heat to cause crystallinity in said molded

article;

inserting a cooling pin in said molded article; and
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tooling fluid through said nozzles and through said openings in said hol der
onto said outer surfaces of said nolded article. 16. The nmethod according
to claim1l, further conprising: forming a plurality of nolded articles in
said nold; and said renoving step conprising providing a take-off device
havi ng receptacles for said nolded articles and transferring said nol ded
articles to said receptacles. 17. The nethod according to claim16 further

compr i si ng_ coqLidlg @kt Shi QPRI 1% B 58b Shp!ded adlt ELESs Wiide? sai d

nol ded articles are I'n sal receptacles and belng transported by said

take: of f JSYECS, (4 3RAORL A0 HIN0ALTo01 25308 Sl lne BrydbEL 141G

accordi ng fur conpr
at least within said dome portlon.

61. The method according to claim 60, further comprising:

aligning a central axis of said cooling pin with a central
axis of the molded article so that an exterior surface of said
cooling pin is a distance D from an interior surface of said

molded article;

spacing an outlet nozzle of said cooling pin a distance d

from an interior surface of said dome portion; and

said annular flow creating step comprising positioning said
cooling pin so that the ratio of d:D is in the range of from

about 1l:1 to about 10:1.

62. The method according to claim 60, further comprising
cooling exterior surfaces of said molded article by conductive
heat transfer or convective heat transfer and said exterior
cooling step occurring simultaneously with, at least partially
simultaneously with, or sequentially with said annular flow
. Creati==—"p.
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said nolded article formng step co&grrgrﬁﬁ\?ﬁ?ﬁTng—a‘plurality of

prefornms; and 31 bl ow ng each of s4i ﬂnmﬂﬂ ' final decrystallized

articles. 19. The nethod according to ,’W’l’ggj} conprising: formng
3 d

a first set of nolded articles in a nold forhed nol d hal ves; and
said renmoving step conprising providing a take-off device having a
plurality of receptacles for receiving said nolded articles, noving said
take-of f device to a first position between said nold halves, transferring

sai d nol ded

- 63. An apparatus for producing a molded article comprising:

means for removing a molded article from a mold while said
molded article retains sufficient heat to cause crystallinity in

said molded article; and

means for creating an annular flow of cooling fluid within
a dome portion of said molded article so as to prevent

crystallization at least within said dome portion.

64. The apparatus according to claim 63, wherein said annular
flow creating means comprises a cooling pin positioned within
said molded article, said cooling pin having a central axis.
aligned with a central axis of said molded article and an outer
surface which is spaced from an interior surface of said molded
article by a distance D and said cooling pin has an outlet
nozzle which is spaced from an interior surface of said dome
portion of said molded article by a distance d and wherein the
ratio of d:D is in the range of from about 1:1 to about 10:1 so

as to create said annular flow.

65. The apparatus according to claim 64, wherein said outlet

nozzle is formed by a divergent nozzle structure.
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articles to said receptacles while said take-off device is in said first
position, and noving said take-off—device wth said nolded articles in said
yeceptacles to a second positi itside of said nold. 20. The net hod
according to claim19, further ﬂ ﬂ" ﬂﬂtﬁuﬂng exterior portions of said
nol ded articles while said nol In said receptacles and said
take-of f device is being noved to sald secdnd” position. 21. An apparatus
for producing a nolded article conprising: a take-off device for renoving a
nol ded article froma nmold while said nolded article retains an anmount of

hgat , sal th akﬁ\eOfa];)pg%X &se gcecl:oz%lng %bl glat.)lentm v%en t%rthr St Il‘it&l.l% 32

means for cooling exterior surfaces of said molded article by

heat conductive transfer or heat convection transfer.

67; A method for producing a molded article comprising the

steps of:

removing a molded article from a mold while said article

retains an amount of heat;

said removing step comprises placing said molded article in
a take-off device and withdrawing said take-off device with said

molded article therein from between mold halves of said mold:

inserting a cooling pin into said molded article
immediately after said take-off device and said article have
been withdrawn from between said mold halves, said inserting
step comprising placing a tip portion of said cooling pin in

close proximity to a dome portion of said molded article; and

applying a flow of cooling fluid directly to said dome

portion via the tip portion of said cooling pin.
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bet ween nol d hal ves of said nol d—and a second position outside of said

nol d; a cooling pin for applying a i _ ' a done portion of said
;ml ded article; said cooling pin bimm'rm]ﬂ“mmwu[wrds sai d take-off device
and being inserted into said nolded #artsickle FPrmedi*ately after said take-off
device and said nolded article have been wi thdrawn from between said nold

hal ves; said cooling pin having a tip portion which is in close proximty

to and al ways aced from said doge portion,during application of said
ool 1 ng 1 PAT 0 &8 ST 50Te Sp5 BT OINGNE 2 PRHTEA e sd w83 Tp por i on
t hrough which said cooling fluid is applied to said dome portion. 22. The
appar at us“gERBI Ty to claim21, wherein said tip

means for removing a molded article from a mold while said

article retains an amount of heat;

said removing means comprises a take-off device for
receiving said molded article and for withdrawing said molded

article from between mold halves of said mold;

means for inserting a cooling pin into said molded article
immediately after said take-off device and said article have
been withdrawn from between said mold halves, said inserting
means inserting a tip portion of said cooling pin in close

proximity to a dome portion of said molded article; and

means for applying a flow of cooling fluid directly to said

dome portion via the tip portion of said cooling pin.
69. An apparatus for forming a molded article which comprises:
a take-off device for removing a molded article from a mold

while said article retains an amount of heat and withdrawing

said molded article from between mold halves of said mold;
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portion of said cooling pinis sufficiently close to said donme portion so
as to create an annular flow of cooling fluid wthin said done portion of
said nolded article. 23. The apparatus according to claim2l, wherein said
cooling pin blows cool ed, pressurized air onto said done portion to prevent
crystallinity in said dome portion. 33 24. The apparatus according to
claim 21, wherein said cooling pin has at | east one passageway

comuni cating with a source of cooling gas. 25. The apparatus according to
claim 21, wherein said cooling pin has a central axis aligned with a

Cfntral axt s a cooling pin which is inserted into said molded article

immediately after said take-off device has withdrawn said molded

article from between said mold halves of said mold;

said cooling pin having an internal passageway terminating

in an outlet nozzle in a tip portion of said cooling pin;

said internal passageway and said outlet nozzle being
aligned along an axis coincident with a central axis of said

molded article;

said internal passageway being connected to a source of

cooling fluid; and

said cooling pin being positioned deep within said molded
article so that cooling fluid expelled through said outlet
nozzle impinges directly on a dome portion of said molded
article in an amount sufficient to prevent crystallization in

said dome portion.

(e
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of said.nolded article and a side wall of said cooli n&%i%%og%gif%rom
S f o

an interior surface of said nolded article by a distance a rman
apnul ar space between said interior surfaces and said coﬁ@¢n§k@tp. 26. The
apparatus according to claim25, wherein said cooling pin has an outl et
nozzle and said outlet nozzle is spacehfM®m the interior surface of said
done portion by a distance d and wheréin the ratio off} ange’
of frgm about 1:1 to about 10:1 so as to create an aﬂlmmullﬁmwmmmlﬂ d.
cooling fluid. 27. The apparatus according to clai m28, %Whére”n 8ail nozzle
is formed by a_divergent nozzle structure. 28. The apparatus according to
claim 25, hher®iRethed B IPFRAYGING & inqlded artigleugompaiisingnther space

and escapes,(into %he anbi ent at nosphere.
Steps of:

removing a molded article from a mold while said molded

article retains an amount of heat;

said removing step comprises placing said molded
article in a take-off device and withdrawing said take-off
device with said molded article therein from between mold

halves of said mold;

inserting a cooling pin into said molded article
immediately after said take-off device and said molded
article have been withdrawn from between said ﬁold halves,
said inserting step comprising placing a tip portion of said
cooling pin in close proximity to but spaced from a dome

portion of said molded article; and

applying a cooling fluid directly to said dome portion
via the tip portion of said cooling pin and maintaining said
'tip portion spaced from said dome portion throughout the

application of said cooling fluid.

2. The method of claim 1, wherein said applying step

comprises expelling said cooling fluid so as to create an
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29. The apparatus according to claim 21, furt rising said take-off
devi ce conprising a carrier having a 34 re %ﬂg% !mr" &ﬂﬁ' ving sai d
nol ded article. 30. The apparatus according t [ A win said

carrier has neans for cooling exterior surfaces of said nolded article by

I.d receptacle so that the

' whi | i-d | ded .articl.e i 1 t.hin, sai |
Conduct L on ML S SNk A LB oo AN oA epsPlacl € oo L
apparat us ase gl dhdiied UnfBizde WICLE RoSBLBsLaRERLAE] S EOURL SOS 2
wat er-cool ed tube wthin said carrier.

crystallization.

3. The method according to claim 1, further comprisings:

said inserting step comprising inserting a cooling pin
having at least one internal passageway and an outlet nozzle
in said tip portion into the interior of said molded

article; and

spacing a side wall of said outlet nozzle a distance D
from an interior wall surface sufficient to create an

annular flow of said cooling fluid.

4. The method according to claim 3 further comprising
aligning a central axis of said cooling pin with a central

axis of the molded article.

5. The method according to claim 4 wherein an exterior
surface of said tip portion is épaced from said dome portion
of said molded article by a distance d and said step of
spacing said outlet nozzle comprises spacing said outlet
nozzle so that the ratio of d:D is in the range of about 1:1

to about 10:1.

6. The method according to claim 3, further comprising:
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32. The apparatus according to claim2l, wherein said nold has neans for
cooling said nolded article to a tenperature substantially close to the
crystal-glass transition tenperature so that t Mkm&ﬁﬂuﬂlﬁ may be
handl ed outside the nold w thout suffering any'#8 y i rmati on. 33.
The apparatus according to claim 21, wherein said cooﬁing gin*is nounted on
a frame which noves relative to and i ndependently of said take-off device.
34. The. apparatus according to claim 21, wherein said take- -off device
includes a plurality of .receptacles.for _holding a plurality of nol ded
articles and sai &Oﬁﬁﬁﬁ%éflgssgbatﬂ rl‘é%ﬁ‘br‘?%%s”g:epq’?ﬁlalﬂalsf%ﬁev@é’olqon@ pi ns
mount ed to %oLE%@ebf3éooled, pressurized air; and

s said applying step comprising blowing said air onto

said dome portion.
7. The method according to claim 3, further comprising:

said inserting step further comprising forming an
annular space between interior surfaces of said molded

article and said pin; and

allowing said cooling fluid to flow through said

annular space and escape into the ambient environment.

8. The method according to claim 1, further comprising
cooling exterior portions of said molded article after said

molded article has been removed from said mold.

9. The method according to claim 8, wherein said exterior
portion cooling step is performed simultaneously with said

cooling fluid applying step.

10. The method according to claim 8, wherein said exterior
portion cooling step is performed at least partially

simultaneously with said cooling fluid applying step.
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which frame is novable relative to the take-off device. 35. The apparatus
according to claim 34, wherein said coolingpins are equal 1n nunber to

said receptacles. 36. The apparatus according “ “msl“lﬂmllmrel n said
cooling pins are less in nunber than said recL ﬁ“ﬁl | appar at us
according to claim34, wherein said frame inclades & plturdlity of apertures
for allow ng cool ed ones of said nolded articles to be ejected fromsaid

t ake-of f dew ' ' ' ' .engage ith certain ones of
ai d ol ded ot olis MavriR RRYdAY B2 BIEIE T ORRe R SIS r
apparat us ageyeidtd ddb13ndy Bt¥p iflUpeRebrh@APse§hBEtially with said

cooling fluid applying step.

12. The method according to claim 8, wherein said exterior
: portion cooling step comprises cooling said exterior

portions by heat conduction.

13. The method according to claim 8, wherein said exterior
portion cooling step comprises placing said exterior
portions of said molded article in direct contact with a

chilled surface.

14. The method according to claim 8, wherein said exterior
portion cooling step comprises cooling said exterior

surfaces by convective heat transfer.
15. The method according to claim 14, further comprising:

said removing step further comprising providing a take-
off device having a holder for said molded article, said
holder having a plurality of openings for exposing outer

surfaces of said molded article to a flow of cooling fluid;

said removing step further comprising loading said

molded article into said holder in said take-off device; and
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said frame having a passageway connected to a tng fluid;
and said pins each communicating with said passageway. .39 par at us
according to claim 38, further conprising valve jmmmgi“ﬂgﬂg‘g ng

regul ated anounts of said cooling fluid to each ¢ . 36 40.
The apparatus according to claim 39, wherein the anount of cooling fluid
supplied to each individual cooling pinis regulated by said valve neans in

accordance with a particular stage. of a cooling cycle. 41. The apparatus
according to cl asaid@8xtferidwercapiprg ssttep comprising providing a

cooling platform with a plurality of nozzles and blowing a
cooling fluid through said nozzles and through said openings
. in said holder onto said outer surfaces of said molded

article.

16. The method according to claim 1, further comprising:

forming a plurality of molded articles in said mold;

and

said removing step comprising providing a take-off
device having receptacles for said molded articles and

transferring said molded articles to said receptacles.

17. The method according to claim 16 further comprising
cooling exterior portions of said molded articles while said
molded articles are in said receptacles and being
transported by said take-off device to a position outboard

of said mold.
18. The method according to claim 16, further comprising:

said molded article forming step comprising forming a

plurality of preforms; and
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means for sensing the tenperature of each nol ded—article and neans for

controlling the amount of fluid supplied to each,ggi lin inin
response to the sensed tenperatures of said nol dm’ﬂﬂﬂi Hu "LThe
apparatus according to claim 34, wherein each sal ¢ ¥ihcl udes
means for renoving a respective one of said nolded articles fromits

receptacl e. 43. plldieirpRAc WE 3G PrFdrasCliat® $2nal UaeBeys€EQIPLi&k NY
means for noving said frame between a first position and a second position

wher e sai d aptilelessticles are ejected fromsaid cooling pins by ceasing
operation of said renoving neans. 44. The apparatus according to claim43,
wherein said frame noving nmeans conpri ses neans for converting translation

of said frame into rotation of said frame.
19. The method according to claim 1, further comprising:

forming a first set of molded articles in a mold formed

by said mold halves; and

said removing step comprising providing a take-off
device having alplurality of receptacles for receiving said
rmolded articles, moving said take-off device to a first
position between said mold halves, transferring said molded
articles to said redeptacles while said take-off device is
in said first position, and moving sald take-off device with
said molded articles in said receptacles to a second

position outside of said mold.

20. The method according to claim 19, further comprising
cooling exterior portions of said molded articles while said
molded articles are in said receptables and said take-off

device is being moved to said second position.
21, BAn apparatus for producing a molded article comprising:

a take-off device for removing a molded article from a
mold while said molded article retains an amount of heat,
said take-off device being movable between a first position
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45. The apparatus according to claim 34, wherein sala"Téké‘-fﬁ4-4k¥u4;N_
includes neans for holding said nolded articles 37
receptacl es and neans for ejecting the nol ded articl e @,Zﬁ g”“
receptacles after cooling has been conpleted. 46. The dbpara ng
to claim 21, wherein said cooling pin has a first portion with a first
di aneter and a second portion with a second di aneter, which second di aneter

i s differdrrtveemmald halees phmaid nadd aPﬁeaaﬁG§P@@U§°§é@épﬂlng to claim

21, wherein sajd cooglin as lateral outlets for discharging said
Coollng outside of safh 5&3 gl ng

a cooling pin for applying a cooling fluid to a dome

* portion of said molded article;

said cooling pin being movable towards said take-off
device and being inserted into said molded article
immediately after said take-off device and said molded

article have been withdrawn from between said mold halves;

said cooling pin having a tip portion which is in close
proximity to and always spaced from said dome portion during
application of said cooling fluid to said dome portion and a
fluid outlet in said tip portion through which said cooling

fluid is applied to said dome portion.

22. The apparatus according to claim 21, wherein said tip
portion of said cooling pin is sufficiently close to said
dome portion so as to create an annular flow of cooling

fluid within said dome portion of said molded article.

23. The apparatus according to claim 21, wherein said
cooling pin blows cooled, pressurized air onto said dome

portion to prevent crystallinity in said dome portion.

T
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fl.uid onto sidewalls of the nolded article where ELKELSL%LELLX’QQQULS' 48.
The apparatus according to claim 34, wherein each rd coolin LNs has
a plurality of contact elenments spaced around its pgkgy ‘Wﬂ““ﬁ“‘i\ﬂ“‘d
apparatus according to claim34, wherein each said a&mﬂ agddes
means for renoving cooling fluid fromthe interior of+sa d*nof'ded article.
50. The apparatus according to claim 34, wherein each said cooling pin has
an approxi ng@fe UThtappranatis aovehdinddatovesinim fAl,stwheasiin eaidghere one

arm of said U shaped cooling pin is positioned within said nolded article
and a secon€opbdingi Bhnvhes cat al epoheong massagewalr aenmfurdmading 88th a

source of cooling gas. -

25. The apparatus according to claim 21, wherein said
cooling pin has a central axis aligned with a central axié
of said molded article and a side wall of said cooling pin
is spaced from an interior surface of said molded article by
a distance D so as to form an annular space between said

interior surfaces and said cooling pin.

26. The apparatus according to claim 25, wherein said
cooling pin has an outlet nozzle and said outlet nozzle is
spaced from the interior surface of said dome portion by a
distance d and wherein the ratio of d:D is in the range of
from about 1:1 to about 10:1 so as to create an annular flow

of said cooling fluid.

27. The apparatus according to claim 26, wherein said

nozzle is formed by a divergent nozzle structure.

28. The apparatus according to claim 25, wherein said
cooling fluid circulates through said annular space and

escapes into the ambient atmosphere.

28. The apparatus according to claim 21, further comprising

said take-off device comprising a carrier having a
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npl ded article. 51. The apparatus according to claimb50, further conprising
nmeans for axially noving each said U shaped pin between said fiIT
second positions. 52. The apparatus according to claimb51, f

conprising means for rotating each said U shaped cooling pi ﬂﬂ,"l?]’ll”!ﬂﬂl’”(”l

position where said one armof each said U shaped cooling pi i dees. :
interfere g@EQPEggqgakogfrg@éQVgﬁbq§gi§r&6§aé§.gfgyg i d take-of f device.

53. The apparatus according to claim34, wherein each of said cooling pins
is formed froma porous material so that cooling fluid can be applied in a
substantially uniformmanner to nultiple portions of said nolded article.
30. The apparatus according to claim 29, wherein said
carrier has means for cooling exterior surfaces of said
. molded article by conduction while said molded article is
within said receptacle so that the shape of said article is

maintained without any deformation.

31. The apparatus according to claim 29, wherein said
receptacle comprises a water-cooled tube within said

carrier.

32. The apparatus acéording to claim 21, wherein said mold
has means for cooling said molded article to a temperature
substantially close to the crystal-glass transition
temperature so that the molded article may be handled
outside the mold without suffering any geometrical

deformation.

33. The appératus according to claim 21, wherein said
cooling pin is mounted on a frame which moves relative to

and independently of said take-off device.

34. The apparatus according to claim 21, wherein said take-
off device includes a plurality of receptacles for holding a
plurality of molded articles and said apparatus further

comprises a plurality of cooling pins mounted to a frame,
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54. The apparatus according to claim34, wherein eacﬁ\BF“EETH‘CGGLLng‘plns
has a plurality of radial conduits for applying coolaniumm“ '
portions of said nolded article. 55. The apparatus accom Mad" @U’ﬂl
further conprising neans for cooling exterior surfaces of Sai

article by heat convection transfer. 56. The apparatus according to claim
55, wherei nwbdickh framet disi ooovebleatedatbvki hg thantakenpff sésvimans [err]

sai d take-off device for blowing a cooling fluid onto said exterior
surfaces of said nolded article. 57. The apparatus according to clai m 56,

wherein Salgstak%he apparatus according to claim 34, wherein said

cooling pins are equal in number to said receptacles.

36. The apparatus according to claim 34, wherein said

cooling pins are less in number than said receptacles.

37. The apparatus according to claim 34, wherein said frame
includes a plurality of apertures for allowing cooled ones
of said molded articles to be ejected from said take-off
device while said cooling pins are engaged with certain ones
of said molded articles which have not completed a cooling

cycle.

38. The apparatus according to claim 34, further

comprising:

said frame having a passageway connected to a source of

sald cooling fluid; and
said pins each communicating with said passageway.
39. The apparatus according to claim 38, further comprising

valve means for supplying regulated amounts of said cooling

fluid to each said cooling pin.
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receptacl e has openings in its side and bottomwalls and ﬂ
external bl ow ng neans blows cooling fluid through said o "#"”
exterior surfaces. 58. The apparatus according to claim 34, further
conprising means for cooling exterior surfaces of said nolded articles by

heat, comyeet! ! LaBs(SysSdccIasAgnRLaLs £O58! g d y il Muplpariner el n

sai d ext ernal SUI’ e COO nmeans “conpri means ext er na

t ake- of f o@ﬁ:‘oﬁﬂlfr@ f%wamshwl%al kBYehLHi nagel dgd1 S@éé’lﬁi‘é iPrygurfaces

of said nol rticles. 60. The apparatus according to claimb59, wherein

each of saAFhIRERPACIRIdNF19REMHeAES iR hESobdgecangifietdom wal I s and
wherein said external cooling fluid directing neans blows cooling fluid

t hrough gaird ienarRingtaget @ofsa doeltiagi aycle.

of f device has a receptacle for hol ding said nol ded artlcgﬂﬂﬂnd sai d

41. The apparatus according to claim 38, further comprising
means for sensing the temperature of each molded article and
means for controlling the amount of fluid supplied to each
said cooling pin in response to the sensed temperatures of

said molded articles.

42. The apparatus according to claim 34, wherein each said
cooling pin includes means for removing a respective one of

. said molded articles from its receptacle.

43. The apparatus according to claim 42,-fﬁrther'comprising
means for moving said frame between a first position and a
second position where said molded articles are ejected from
said cooling pins by ceasing operation of said removing

neans.

44, The apparatus according to claim 43, wherein said frame
moving means comprises means for converting translation of

said frame into rotation of said frame.

45. The apparatus according to claim 34, wherein said take-

off device includes means for holding said mo‘m[ %’?s" -....’
. i A
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syrfaces. 61. The apparatus according to claim60, fur;‘§FﬁgaﬁﬁFT§Tﬁg‘~—~
vacuum nmeans for hol ding each of said nolded articles i @M’auﬂlmzﬁgi/ﬁve
id

one of said receptacles. 62. An apparatus according to
said cooling pinis inserted in said nolded article and sai d cbol¥ ng

IS appl i edwi@hsai dafda@bePOptaOTed | dhd HShrid I NG Juidting sukf melgal time to
substantially prevent crystallinity in said done portion and other portions
of said nohdtdcaesi frem $3id reoaptherlerw tdfilexr wverl imgddalsy baenet hod

according to any one of clainms 1 to 20. 41
completed. . -

46. The apparatus according to claim 21, wherein said
cooling pin has a first portion with a first diameter and a
second portion with a second diameter, which second diameter

is different from said first diameter.

47. The apparatus according to claim 21, wherein said
cooling pin has lateral outlets for discharging said cooling
fluid onto sidewalls of the molded article where

crystallinity occurs.

48. The apparatus according to claim 34, wherein each of
said cooling pins has a plurality of contact elements spaced

around its periphery.

49. The apparatus according to claim 34, wherein each said
cooling pin includes means for removing cooling fluid from

the interior of said molded article.

50. The apparatus according to claim 34, wherein each said
cooling pin has an approximate U-shape and is movable
between a first position where one arm of said U-shaped
cooling pin is positioned within said molded article and a

second position where said one arm is withdrawn from said
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molded article.

51. The apparatus according to claim 50, further comprising
means for axially moving each said U-shaped pin between said

first and second positions.

52. The apparatus according to claim 51, further comprising
means for rotating each said U-shaped cooling pin to a third
position where said one arm of each said U-shaped cooling
pin does not interfere with removal of said molded articles

from said take-off device.

53. The apparatus accofding to cléim 34, wherein each of
said cooling pins is formed from a porous material so that
cooling fluid can be applied in a substantially uniform

manner to multiple portions of said molded article.

54. The apparatus according to claim 34, wherein each of
said cooling pins has a plurality of radial conduits for
applying coolant to multiple portions of said molded

article.

55. The apparatus according to claim 21, further comprising
means for cooling exterior surfaces of said molded article

by heat convection transfer.

56. The apparatus according to claim 55, wherein said
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exterior surfaces cooling means comprises means waee—..__ _.
said take-off device for blowing a cooling fluid onto said

exterior surfaces of said molded article.

57. The apparatus according to claim 56, wherein said take-
off device has a receptacle for holding said molded article
and said receptacle has openings in its side and bottom

walls and wherein said external biowing means blows éooling

fluid through said openings onto said exterior surfaces.

58. The apparatus according to claim 34, further comprising
means for cooling exterior surfaces of said molded articles

by heat convection transfer.

59. The apparatus according to claim 58, wherein said
external surface cooling means comprises means external to
said take-off device for directing cooling fluid against

said exterior surfaces of said molded articles.

60. The apparatus according_to claim 59, wherein each of
'said receptacles has openings in its side and bottom walls
and wherein said external cooling fluid directing means
blows cooling fluid through said openings onto said exterior

surfaces.

61. The apparatus according to claim 60, further comprising

vacuum means for holding each of said molded articles in a
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respective one of said receptacles,

62.  An apparatus according to claim 21, wherein said cooling pin is inserted in
said molded article and said cooling fluid is applied to said dome portion via said
cooling pin in sufficient time to substantially prevent crystallinity in said dome
portion and other portions of said molded article.

63. A molded article when made by a method according to any one of claims 1

to 20.
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