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in various sequences to optimize the cooling of freshly molded

20 plastic parts. Some parts (for example plastic preforms) are
typically injection-molded using PET resin, and can have wall
thicknesses varying from about 2.00 mm to greater than 4.00 mm,
and consequently require extended cooling periods to solidify
into substantially defect-free parts. Heavy walled parts

25 (such as those made from a material that has a high resistance
to thermal heat transfer, like plastic resin) can exhibit
“reheating” phenomena that can produce defective parts after

they have been ejected from the mold.

30 In the case of PET preforms some of these manufacturing defects

are:

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

The white appearance of the crystals impairs the clarity of

35 the final product and provides -an area of potentially

weakness in a resultant blown produet.

e Surface blemishes: The ejected performs, initially having
solidified surfaces are reheated by the core material which
causes the surface to soften and be easily marked.

40 Sometimes this surface reheating can be severe enough to
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The partially cooled preforms are then handed off to a

20 downstream device that continues to hold the preform while
removing the remaining heat so that the preform can

subsequently be handled without damage. Typically, the preform

surface temperature needs to be lowered to about 70°C to ensure
safe handling.
25
The early ejection of partially cooled preforms released the
injection molding equipment earlier in the molding cycle,
thereby significantly improving the production efficiency of
the equipment. Injection molding cycle times typically were
30 halved from 25 seconds to about 12 seconds or less in some

instances depending on the preform design being molded.

Some examples of post mold cooling technology are shown in U.S.
Patent Nos.: 4,729,732; Re. 33,237; 5,447,426; and 6,171,541.
35 ‘
Another approach to extending the cooling time for preforms is
to utilize a turret molding machine in which more than one set
of injection molding cores are employed. An example is the
Index machine, shown in U.S. Patent Nos.: 5,728,409; 5,830,404;
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the various sets of cooling _tubes. 40 Therefore, there Is a nee or a
post-nﬁ%ﬁ g@&pﬁﬁdnﬁgthoﬁxgﬁg es of pressurized preform cooling are
20 shown in U.S. Patent Nos.: 4,950,152; and 5,679,306, and in EP

0 900 135.

U.S. Patent No. 6,113,834 to Kozai discloses a post mold
cooling device (PMC) that unloads preforms from an Index
25 preform molding machine into cooling tubes. Figures 8-14
disclose mounting multiple sets of tubes on a single plate so
that multiple molding sets of preforms can be cooled by the
tubes during several injection molding cycles, thereby
extending the cooling time of each preform during its stay in
30 the PMC device. This patent also discloses blowing a cooling
fluid from the PMC device onto the exposed gate area of the
freshly molded preforms while they are still on the injection
molding cores prior to their transfer to the PMC device.
However, this post mold cooling technique is somewhat limited
35 by the absence of a more efficient means to cool the interior
of the preform. Also,” there is no means for efficiently
translating the turret to access the various sets of cooling

tubes.

40 Therefore, there is a need for a post-mold cooling method and
3
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20 movement of the cooling device and the mold portions to cause

the first and second pluralities of molded articles inside the
respective first and second pluralities of cooling structures
to be presented to the cooling station, and (ii) provide a
second movement, different from the first movement, to
25 alternately cause the first plurality of cooling structures and
then the second plurality of cooling structures to be presented
to the plurality of mold portions. Each face preferably mounts
cooliﬁg tubes in multiple sets. The preferred embodiment also
has a top mounted CoolJet/Supercool device, and a means for
30 axially moving the cooling block transversely to provide
loading of the different cooling tubes sets from an Index

preform molding machine.

According to a second aspect of the present invention,
35 structure and/or steps are provided for an injection molding
machine, including a mold cavity half having a plurality of
mold cavities. A mold core half is provided having a plurality
of mold cores corresponding to the plurality of mold cavities.
A mold movement structure causes relative movement between the

40 mold cavity half and the mold core half to cause a plurality of
4
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20 cause relative axial movement between the cooling turret and

the plastic injection molding machine portion.

According to a fourth aspect of the present invention,
structure and/or steps are provided for a cooling apparatus for
25 a plastic injection molding machine having a plurality of mold
cores disposed in at least one row. A post mold cooling device
is provided and is moveable with respect to the plurality of
mold cores. A rotatable cooling turret is coupled to the post
mold cooling device and has two faces, each face having at
30 least first and second rows of cooling tubes. A cooling
station is coupled to the post mold cooling device and has a
plurality of cooling probes configured to project a cooling
fluid to an interior of molded articles inside both the first
and second rows of cooling tubes of one of the faces of the
35 cooling turret. A first movement structure is configured to
cause the post mold cooling device to move toward and away from
the plurality of mold cores. A second movement structure is
configured to cause the cooling station .to move toward and away
from the cooling turret. A third movement structure is

40 configured to cause the cooling turret to rotate to alternately
5
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20 the row of molded articles. Finally, the row of molded

articles is moved to an ejection station.

Thus, the  present invention advantageously provides post-mold
cooling method and apparatus for efficiently cooling molded

25 plastic pieces.
BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will now be

30 described with reference to the accompanying drawings in which:

Fig. 1 i1s a schematic side view of the clamp half of an Index
preform molding machine including a PMC device accoxrding to a
preferred embodiment of the present invention.

35
Fig. 2 is a schematic front vieﬁ of the PMC device of Fig. 1
prior to wunloading and insertion of a CoolJet™/Supercool

device.

40 Fig. 3 is a schematic front view of the PMC device of Fig. 1
6



device. 40 Fig. 3 is a schematic front view of the PMC device of Fig. 1 6
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enbodi nent o evice s . Fig. schemati c
si de vﬂﬁ%- é%PQLﬁ?$:%n%TYE+ﬂ%I% w&ﬁg(ﬁﬁ eFﬁgOéNéeHé9lce without a
casl ing station or 7 WD 03/097327 PCT/ CA03/ 00569 bl ower .

Fig. 7 is a schematic front view of the PMC device unloading

selected parts and with the CoolJet™/Supercool device in

conditioning position.

20 Fig. 8 is a schematic front view of the PMC device immediately
prior to loading freshly molded preforms into the wvacated

cooling tubes.

Fig. 9 is a schematic side view of the PMC device prior to

25 unloading and insertion of the CoolJet™/Supercool device.

Fig. 10 is a schematic side view of the PMC device immediately

after loading preforms into the vacated tubes.

30 Fig. 11 is a sequence chart showing a complete molding and PMC

cooling sequence for one set of preforms.

Figs. 1l2a-12y comprise a series of schematic representations of
the position of the PMC block for its complete cycle.

35 .
Fig. 13 is a schematic side view of an alternate embodiment of

the PMC device showing three faces.

Fig. 14 is a schematic side view of a further alternate

40 embodiment of the PMC device without a cooling station or
7



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) 5 1. Introduction The
present invention will now be described with respect to several
enbodi merwe 03409187 ch an | ndex plastic-injection nolding m®athiaveouses a
(prefenakwerotating) take out turret to extract plastic preforns froma
nol ding unit, and sequentially to move 10 these preforms. to a cooling
station. Preferably, the cool | ng station corrprl ses a Sso- cal | ed Cool Jet TM
devi ce i n WhiDETALLED dESCRTH § O SEHE R i ) CEMBORT ] ollng air
IS Il’lj ected to the |nter|or tip of the preform and the coollng air flows
d0\§n ﬁ |de urface of the preformto the 15 outside. The cooling

io ;ILS Lbo 7t se a so-called Super Cool device in which a cooling
pinis Tihesepreslenbt aream’rth:n el rmchbpre’t’ecsrcmuksac‘pmstshure"es@@loed tand
coolin S r e

SRdrdsS e %?té ”:frf’ vf]ﬂlec £ ir?cﬁe;Q 10& pr. %95 R @fﬂ%f 20

causes theé outs ormto ont act the 1nsi
t he tam@mnecaxﬂqsy a t fepse kg fadphy rigvi‘@)‘@mmb t@@k%o@httmrm@m e&maeut si de

sur faces Qft ithe, el an 788 £0Rb1AINST akiieN R AARAAPITSER move
conbi nati on of "Cool Jet TM and Super cool devi ces_ and/ or _equi val ent

sttPuct &se R FRF eSS, g tco.ﬂildﬁ’r% HeAtirrer stpé”@éetxﬁ‘lé’tlyt'héjfeea‘é‘ﬁ‘i’%]g%gand
cl ai ms fadike) suWongati 2% | Bvepbi-ealakd equanb;ét%fbpldle@ablee ia oiheehnohdi ng
processes .used_f.or producin her t el ati Vel}é{ ]%n C -vvaII d _hol [ ow

arti cl &9°IRSIY eRAMp| &5 tjhrés%]%es Nt ﬁveﬁ?fﬂ(’}n 1% T'nd << S&hnigcasﬁff. t¥5i n
many noldiengetdechoolcbgi eisn thmyiand txpeoﬁed;hempndeﬂophasand prhesf 0¢<WBllISQJlCh as
Lhe. MO0 Qb RONEBLAC Sne30bBldS. diec PAINE GRNSprEEbEDOKES. D

simlar products, or other e cts possi b WEth Ron-ci Fcu

clfss- wd@iidshal JArpesooeiry @tarFH@nStm@zt mle%Scm@meelashmvsc%beel anp

hal f ofgigjerddidex peefes miAvLALBE JTBedd End n%g)ﬁp&tssu&gsetﬁedstﬁ{ﬂ@neéah
platen 10 and a rotatin turret bl ock asse T(lge turret bl ock

assenbl%F%Pﬁné' RRGHt ed??ﬁ“buﬁr%aP?&ﬁHries éal |57 aFPP angy% is
carri erisijbBttathiiaitariche elrete@abixy m@mtmﬁbf@mhe m@tpmlyral a@esed0 by

40 i ehars 13...The engs, of - the, 11,8PALS ALS 164 easablite CANNESL G118 YP
20 the take out cawvity, thus effecting cooling on both the inside
and outside surfaces of the preform. The cooling station may

also comprise a combination of CoolJet™ and SuperCool devices
and/or equivalent structures. Nevertheless, it should be
understood that the teachings and claims of the subject
25 invention are equally applicable to other molding processes
used for ©producing ‘other relatively thick-walled hollow
articles. For example, the present invention will £ind
applicability in many molding technologies beyond injected-
molded plastic preforms, such as the molding of containers,
30 pails, trays, paint cans, tote boxes, and similar products, or
other molded products possibly with non-circular cross-

sectional shapes, etc.

2. The Structure

35 Figure 1 shows the clamp half of an Index preform molding
machine 1 comprising the stationary platen 10 and a rotating
turret block assembly 11. The turret block assembly 11 is
mounted on journals and is typically carried by two carriers 12
which are releasably connected to the stationary platen 10 by

40 tiebars 13. The ends of the tiebars are releasably connected.
8



to clanping piston assenblies 14 nmounted to the stationary platen 10. The
carriers 12 are guided and slide on linear bearings 15 attached to the
machi ne baee3a®732The carriers 12 and the nolding turret PCoddalassembly 11

are nowed bmmpangndpﬁsa&\@y ddumiihe st ali onatytekaten ?gaebyswuoﬂsa@yn
drive ans ﬁ hﬁﬁn)' Pref orm Id hal f 9% %1 rl’r_‘%i sing a hot.runner and
nmold ¢ "’ﬁe&) mooifefFFHHE s tlaﬁr?argub Ei 3#\ ©s&Gueht 1 arTy
engagedeard mys i eatrbbdhedl dohalhee snalctai ramndbdgd 1that Tree amumiexds t D2t he
opposed,facag. ool A0l ALDG. ! wiceh 10 bLack, asseubly bl cdhen Lhe 1pke

hal ves are Separate Fe Carrrers awa omthe stationary

pl at enawehe fnendicheg tsmrar@tortﬁmckpé@é@nbll@ 1y aWélﬂhénawnacﬂrrédramn@aleél d

hal ves %tcaéh&%lrot@féﬁorﬁ%ofaaﬁah@ oRy %o%{iﬁ\&%ﬂﬂét%[ H&: Vighnéy dihye
bel t 19 andapull 20, An injection unjt supplies 15 nelted resin for

i nj ect M4 nFéthﬁéeﬁél dlSA%’sﬁt%l &OcoBthmen%@l & adreras 48nm#yd 30
i ncl udesscpuerstEicOnd, p@zhc_fra@és cahei ors mpkd ansidlbolBahaakse are drded7iand

Cur ot Bickass FOURSRG i berfodtP AN barrFare e ARd MO Tt T Eot
rob at afledkheasbetin@en. 1]]'he PNEedeviloe 80lids habvabl earad osgpalnatedcrﬂoyne
Dase mHREE Y (ki oudh U0l Bl Ok ol VRO0200: Babell gPasuah hAL Lhe

assenbly cam nove towar fromthe mol g turr assenbly

11. 251Fl§imy 2tehoas éplchdhtass@vm.v tlHe &M créxﬁ cetiached m]@admbd

ori ent afd1Qfbs T &0 H80-bEREEE, Dkaek e3Bmb3 Cady &d Q-Jd NeWor bp@rwgs 34a
and 34b and 35 such that it can nove transversely along,its axis of

rot at’i 6h BB dntdhIane Rty (4P i t ABOTRAESEHPR r‘b‘?la't"l oh PERREEFSt he

casri emfel¥lal argbkifilEod hirsjsmiian immy tiee cavs&d by a cylinder 36 that is
mounted on the cooling turret block 32. A cylinder rod 37 is attached to a
bearing arm 38 that also carries part of the |inear bearing assenblies

34a ana 314bstTh®1biaar:bp@;iagm 381G)s Pewurnel edri astkebdar r3er 138138®s and is

att aCh%%é’dlﬁi arTmQFPr Bex c% &y S Oaﬂg ‘éQ_HmE}?ét 401sbhat-eC %HES%& hgngrm 38

and the coo g turret asse to rotate. The oppos of t he
cool i ngltige en @WQ?Q@ln%ﬂpﬁ)r%@EﬁW% ot By mreRiresbawe ohd 41 Lhat

i 501 t SRldo1 iSPRAIARL Qi Gebes | NY ASSErRY YoSBwseie hthbatatReet £ ansy 588
31b, and is rotatable therebetween. The PMC device 30 is
movable along the machine base typically through us of a motor
drive 90 and a belt 33 such that the assembly can move toward
or away from the molding turret block assembly 11.

25
Figure 2 shows a front view of the PMC device in its unlbading
orientation. The cooling turret block 32 is carried on linear
bearings 34a and 34b and 35 such that it can move transversely
along its axis of rotation or substantially parallel to its

30 axis of rotation between the carriers 3la and 31b. This motion
may be caused by a cylinder 36 that is mounted on the cooling
turret block 32. A cylinder rod 37 is attached to a bearing
arm 38 that also carries part of the linear bearing assemblies
34a and 34b. The bearing arm 38 is journaled in the carrier

35 3la, and is attached via a gearbox 39 to a servo drive motor 40
that causes the arm 38 and the cooling turret block assembly 32
to rotate. The opposed end of the cooling turret block 32 is’
supported by a rotary services union 41 that is itself
supported on a bearing assembly 35 such that the transverse

40 motion of the cooling turret block 32 is guided along the
9



40 nmotion of the cooling turret block 32 is guided along the 9 WO

03/ 097327 PCT/ CA03/ 00569 bearing 35 to an outboard position shown in

Fi gure 4.wohg/o9mepunt of this notion is determ ned by thePpTi@¥e3besieen t he
mul t i plleeaoinsg of3 5cod i ag tmhﬂ@oatmmnpe@mﬁohhesm rrmnntHirpg;r@l ates, The be

descri ba%ﬁi bl?' t OW's SChE%e %ﬁ/ PET \éecf:%srml’ime% b %V q.%s 13 wegn the

connectTon- neunat c ydraullc &ool d el Bctiica
servi ce!@ulitxmhet hﬁ@wmchf nedsEsied otbbes tm@u@mﬂl g t\;lheetPMﬂ owkuBiagd

the CoglyetdM Supergogls@ss888 Yefdy(t 0 be described bel ow) 10 nounted on
top of the carriers 31la and 31b. These services are conveyed via flexible

coRAduits 43 fromthe base 16 to the union 41 so that the supply can be
mai nt aiTes feaafgll eesvakekhamiRasi4i opretihs BMzdtathecsmedd fieoRager 16.

15 Flgure so S e prefor cool ubes_44 nount.ed on a plate 45.
Ther o drie G FTe ol CEaBIS Cha Fo0 L1l I dror £391 CIRHRORA. DS BB geRol dod
by tmafrmmcthenmanhunelhaﬁyatdlbmﬁﬁraheonobméng aner3Bt thibesk nb2Nndad on
plate Jebc@““}‘é’u é’Eé&gie’?J 1yof yo ,gol f&é}'g 58! ?Ie%rcq:q_%%%ld By, 8 wény

exenplary 2 caV|ty nj éctTon no cou may conprirse
nd@ber Imummrésogr*e@m e?f tthad orrebens 3batand Flipt heThesheservnaysbereWo

three, 66n6@§§ﬂs@£§ fieﬁiﬁf@ @&M@ﬁfgst@?fffoﬂléﬂg bégfofﬁpkatehQSuh§o

nmount ed on one side, face A, of the coo turret secon

plate 4B &% EBREespvhdFHEPLYbeS2 R0 b5 {nszni:ﬂlﬁaﬁbetfe}gw@lmmoéd BRSt he

opposecthdsrei &h obs t fiee cot | 1Y £ OfkcBZne TheséUbes are arranged in two
alternate sets on each face (e.g., see Fig. 4), each set matching the

pitch of the injection nold cores. The first set aligning with the nold is
cabl ed Fioyude addaflbe stomsd tdet pﬁéﬁm&mfcouﬂing/tubysaMAammmntéH)dhia

cal | Edﬁ{fé(\é@ 4]%f Suhfh Gl efe S he \‘f"’s{:ﬁﬂgg hional, Shﬁhsc:féﬁ Q&Qr%' ded

on eac n the present e ofal number bes oth
si des drefrrmsol3 ndPaing etmOtine%i« 392/‘ cafeholidieeld omet sngft. 35 part sheol ded

by the ji.@etton 4 thbRUS,PAr 33 caiphe theaatesds f eh fousceyalses ahise
ejection fromthe nplding turret 11.  Clearly if there is space for
addltl&mﬁnQLﬁ%g l%he%RtgﬂHeHWO molding sets produced by an exemplary

20 16 cavity injection mold. Of course, a set may comprise any
number of tubes greater than or equal to two. Further, there
may be two, three, or more sets of tubes coupled to the plate
45. A plate 45 is mounted on one side, face A, of the cooling
turret block 32. A second plate 48 and corresponding tubes 49

25 (32 in number) are mounted oh the opposed face B of the cooling
block 32. The tubes are arranged in two alternate sets on each
face (e.g., see Fig. 4), each set matching the pitch of the
injection mold cores. The first set aligning with the mold is
called row 1 and the second set offset from row 1 by an amount

30 X is called row 2. If sufficient space allows, additional sets

may be provided on each face.

In the present embodiment the total number of tubes on both
sides of the cooling turret block 32 can hold four sets of
35 parts molded by the injection unit, thus parts can be treated
for four cycles after ejection from the molding turret 11.
Clearly if there is space for additional tubes, an extended
treatment time can be provided. Further, depending on the
design, the parts may be treated for two, three, four, or more

40 molding cycles. Further, cooling turret block 32 could have
10



treatnment tinme can be provided. Further, depending on the design, the
parts may be treated for two, three, four, or nore 40 nol ding cycles.

Furt her, woaBigm32t urret bl ock 32 could have 10 WO 03/ 09732T/(ATCIHGED3/ 00569
nor e t hvrd whadraces flacd®uidd ngp el indfsdiibest thilgegge 13 shows an

al ternate enbodi nent nounting three such plates, others nounting four or
nore are also possible. 5 Further, there are situations where the parts
bei ng ilglet aid tdliawsenenglelittritare equmbprdimaner meduretiold nghirgemesineh of an

i nsert in or. r.nal %Qﬂli b n hi s
si tuat ;i%r?&?%é rrg)c%n ne V\omtﬁqg{_%g{bipn [ gurer}% agnés%v\nia% a%%ﬂyg%%s%%n% ch
t he codluntdiest attifpratdpe t hetearipefswhere rheam@rdth Reidd me it have
been remmvedenbhgHr &1k atso d henCaehdet /eIt obyunhdard wBUNEd
above the cooling turret block 32. The unit_is ved vertically. by

oyl | nddRBatSCrPIiT HEP S P EL oI Y RN TR ETRRR A5 frheveBnl y
Super Canl Tihpé nsifaat txpaniieomaaid neootdulgl dbet benfpyatretings athawn in
conbi nat.i on of. poth types i faor exanple, . .alternate ts Rr.QVi a
vari et 34 T eja?rréﬂt “%lgltcﬁlon@ﬁ? ot Rglnﬁr gf%grtr%é) ) abt%g eﬁﬁ%d ctatéf?'ﬁt e unttc The
uadt i reldudels rmand ighlee blopad dpye nxedl, rempwedunber sufficient to match
the 20 correspondi ng nunber of cooling tubes 44 on one face of the cooling
turret block 32. In the preferred enbodi nent, there are 32 cooling pins

nount ed ighne rataise M rfdle KOOt ASRMEIRYL tWbks 44 MOHERDAPIE pi ns
51 are yRUNESST Dy acughstr bhuter 3pl.at erd2? that REOWIRRS BfassiHdZef wnd/ or

25 nonpressuri zed_coolant flow to each cooljng pin. ternadd vely,.this

pl ate ﬁiﬁﬁ%%ﬁ “be E£ﬁ| SHUy mﬁVes%?fPI?EJe%gb?r’gybl@I%fﬁ%unt]%ilg%wq he
unst 42inot shoyn)supdrcouleSspinzsed @ookkngnéliond gdd quodland/ @f gesd is
supplied t e distrib . te 5 i ] veyed. by | exi ondui t
30 53 %rzﬁﬁoc%#r}ectgg t%e %%g{lgpejs%%%b t%ﬁe is)%{r:ﬁ/i g@s{)eﬁé’m gr?'41§8_% aér%%aﬁ%’r nat e
poi nt @&l tdmnaNC sihE de 3TowWidpirae Vel sy shovsren henieroBoi gmunt@dtled t he

PMC devi,cer 3hns thabreSaRdir g6t td haw ©f arhet QwaRd ithe Jaddegd, palbse whi l e
35 they are still on their cores 70a on the nolding turret 11, as indicated
by arr GROIENOThi Ri%$ | oW’ supBl efent@ifP¥pol FRELSFiSent to match the

20 corresponding number of cooling tubes 44 on one face of the
cooling turret block 32. In the preferred embodiment, there
are 32 cooling pins mounted in a matrix matching the
corresponding tubes 44.  The cooling pins 51 are mounted on a
distributor plate 52 that provides pressurized and/or

25 nonpressurized coolant flow to each cooling pin.
Alternatively, this plate 52 may simply be a plenum,
pressurized by a blower mounted on the unit 42 (not shown). If
pressurized cooling fluid (ligquid and/or gas) is supplied to
the distributor plate 52, it is conveyed by a flexible conduit

30 53 that connects the plate 52 to the services union 41 or an

alternate point on the PMC device 30.

Figure 1 also shows a blower 60 mounted on the PMC device 30
that can direct a flow of air toward the molded parts while
35 they are still on their cores 70a on the molding turret 11, as
indicated by arrows F. This allows supplementary cooling of
the parts (especially their gate areas) while they are waiting
to be transferred to the PMC device 30. For clarity, the
blower 60 is omitted from the views of the PMC device 30 in

40 other figures. An alternate embodiment (not shown) mounts one
11 :



the parts (especially their gate areas) while they are waiting to be
transferred to the PMC device 30. For clarity, the blower 60 is omtted
fromthe woam®9st7t he PMC device 30 in 40 other figures. ARaTaAlARNIED e
enbodi nent moret bhowa)snoamt Shenecodlid® 03409532 BH1RCK CAQ3/AO56% BhenDre
bl ower s, e o] 2.0r 0 o iers, .3la an 31b such
t hat the%re c%gér&?d %E Eugb %Iﬁa% % co%rrfaes Coln %éf\:/m‘?chtl?%e@ g%

di r ect i e t¢rifes gntd Iwcelmdtlﬁmnar%u@hractmat thairhairoplowi ard fhemf| ow

distri bsuséwnaekuaytﬁsN%abcheoﬁ@ixmegf ol eﬂb@ndq%rt%sma& td?# Lpdax, bl ock
when in the transfer position,” as shown in Fi %ure . Afurt alternate

emBodi rfSHRT (HBE @ﬁBWﬂ{ RBURES 96l B} RRFRS 0Pt NS Jb%f‘é‘é wda@ts
mount ectigd thereaad eb&s&l;&o&ﬂd 3&b, shalvhgnim tH dee bllo.werSAV\hEﬁr_EHér_PNC

device is_in the tr ti so to direct.th | ow di stribution
evenl y aojﬂsl%"arrrfah%e ﬁﬁ‘%loi% % dﬁ“‘%"@? ks TG fﬂﬁaeﬁo WS whBn FRSt he
transfemaqﬂmélbaseaangh@ur:tm, FmgunEeal. ohidhe t bertileret 3141 arshd3 BB, ar e
config t enent .. t] i ment.s cl ude nol.di ng

and/ orlg gqui (r)l‘"él% \%E-I%Ch may 1 %D%%g fils{r}igggl {;%or cu*‘lfn!l%el‘lt'j #y “with

ré§pectpct%1‘tllf@:rm$@l &@d dﬂtﬂ’\%ctrmtbengﬁ’lmoldrr‘gtlsxb@twmegveaéyrmwé;e the
requi r eghe3ix The Pﬁlﬁﬁééélbﬁ Oé@féé' Oh the | ndaxxmbding thdet 1Bl oK 11

and the nold 20 cold | f 17a are noved to forma closed nold wth a hot
nol d  HAFLDFET N%WWW% FROWEH iR L 96 € he- nol Wil q, the '@WéreFﬁ eﬂsrred

“enbodi nerd, BRanprpi St&jiﬁl%l&ﬁil Ngot hr ngargfl ebdvemdnt, Thel e®tkdatsvéilled
by the | ter _a_ hol cool.i the nold is

| ect t d
opened éo“@oe S %uﬂjléﬂ%%lfl%? @Okgl?%r PEE/ 9% &ﬁ&rirlf?@ @&agégr%l“frﬁlcﬁ ayPEr om
t he staltdmrgzllpdaarbyn o0 miswlimeanty dwsthncedoead eav the metlal i amdl arc

of the I et d turret system
t he turr}g? ﬁocﬁ%&%ﬁ%@%roug SOa%%%%&gt}%%gﬁg the first set of
nol d cores 70a carrying the freshly nolded 30 parts thereon with the PMC

devi ce xoolimg grRes:44. The second set of nold cores 70b are now aligned

with the cavity half 9 the nold is, closed, and the cycle repeatedto make
a second® s%?er%?l%%rtgll‘&n mﬂf}%e%%%%l%%t CHETE6r dxlomh. YJA BPei &ie impEeti on
20 cold half 17a are moved to form a closed mold with a hot mold

half 91. A clamp force is applied to the mold wvia, in the
preferred embodiment, clamb pistons 14 acting through tiebars
13. The mold is filled by the injection unit 21, and after a
hold and cooling time, the mold is opened by moving the molding
25 turret 11 and the cold half 17a away from the stationary platen
10 a sufficient distance to clear the rotational arc of the
cores 70a on the molding turret 11. In a two faced turret
system the turret block is rotated through 180 degrees to align
the first set of mold cores 70a carrying the freshly molded
30 parts thereon with the PMC device cooling tubes 44. The second
set of mold cores»70bhare now aligned with the cavity half 91
the mold is closed, and the cycle repeated to make a second set
of parts on the second set of cores 70b. A typical injection

molding cycle time is about 10 seconds.

35
Meanwhile, the blower 60 directs a cooling flow of air onto the
parts on the cores 70a. Just before the molding cycle taking
place on cores 70b is completed, the PMC device 30 is moved
toward the molding turret 11, and the molded parts on cores 70a
40 are transferred from the injection molding turret 11 to row 1

12



nmol ding cycle tine is about 10 seconds. 35 Meanwhile, the bl ower 60 directs
a cooling flow of air onto the parts on the cores 70a. Just before the

nmol di ng cwolog/o9sRkT1 ng place on cores 70b is conpl eted, theCPMAodesscee 30 is
noved dsp}/\@m@l éckt];elmgl; diwige s _tJMeﬁloaﬂte?nQnth@caDAdeflpaét &o@miﬁgrl ga:\ﬁ)@a 40
are tr rr om t npection n ret tg.row

03/ 097@9%?%@%/%%%& oJfleYh‘éec%gFi ﬂghgu%@‘é ﬁﬁvﬁﬁﬁnggdlﬁn%%‘emﬁvﬁl t he
cool i ngawaw r &tom btloe km32dahgt erPME ddvisc es3X i ThentPMIi ieance B8O tciethen
noved y : i ngct t ut.f hci.eng , di nc I t he
rotati or’?é? %%Qg}&?ﬁ]é”%o% [ %5 %}%egsc%}ll%%nftﬁ%%‘ﬁedi%\d %ﬂﬁk lg? ec?eocfrr‘g%]?he
codl i nPreFe®Ees bl ock 32 is then rotated through 90 degrees to align the
tubes and their parts vertically with the CoolJetTM Supercool unit 42, as
shown in Figure 2. This unjt 10 iis then _noved via cylinders 50 downwards to
i nsert | FAYL PrhstUBICEnPdOSK 3hd Sprtdtdy ketaref | threughipdd 489rgRa
coolingd | uaThgn s jectdbés onahde thbes tPa£ool {Betivheniorwotht hehparts.

The interi of ,L.he parts may be, pressurized and/gr the coolipng. fluid may
o di { SRR 0 4SHPSPEPOY PR T4 TRE P rH hEL TS Bary NESHANFTGE e
shown iis Rilgen en@red onia ofyl hedeast S0 2downwahést ubesnd8rioundéingnpihse
oppose fot ! tugr b K re e e neat :

cool i ngéib?lg'gfk(ﬁoaﬁltlo %?e on%/fe%}ls(%%t g%%o%\]/%. tl?]ﬁ%é_lejg%étggapg?? Zﬁ'ﬁgvglthEﬁS
been t¥aveleagednfrre PN devbes 30 fanol dulre oingsicd ool Afi NgheyeaEss 20

dependifige Oihéé’h?iéw"@ﬁrtlﬁ’é 19&’91';& nzﬁair“l?@ §§é§sﬂl£‘§£é&| 884398t bae ENELBAG the
nunber ﬂ‘y]‘aces utilized to support™ cool |1nq:,tubes. 10 second
|

For, a.
i nj ect i oI BRRgPEy AEF]GHRE the BartSERil IT1Mavt 88N ST if t hepme
unist f asameppr oxeédamtiel Ve 40aseebnts. 125 Fikmuliree 3r efii¢ esif evhoedpaens , 2 phat o
eye sensors Qt. shown ted t he _inboard.surfaces_.of .the carriers
o and s MRS Y oRbarTih B8 Pt ofePPRSE oFoh) Hrotht e orcoRb ot i ng
turret blockt 3ploakes2A arel 8jehbelk feneadir echidecappiopr ik parts @ have
been complRlAly aheh! egyt;&,ﬁm.t he cagld ng;Lupes andy-30 thafe aR%RUXLLLATY
ej ector bars (not shown) have correctly “retracted prior to _rotation of the
turret ?ﬂ%ﬁﬁ@%ﬁgtﬁ%r%%? PMC device 30 for four or more molding cycles
20 depending on the number of cooling tube sets installed on the
PMC and the number of faces utilized to support cooling tubes.
For a 10 second injection molding cycle time the parts will

have been treated in the PMC unit for approximately 40 seconds.

25 In the preferred embodiment, photo eye sensors (not showr)
mounted on the inboard surfaces of the carriers 3la and 31b and
aligned with reflectors (not shown) mounted on the cooling
turret block 32 faces A and B check to ensure the appropriate
parts 2 have been completely ejected from the cooling tubes and

30 that any auxiliary' ejector bars (not shown) have correctly
retracted prior‘ to rotatién. of the turret Dblock 32 thereby
ensuring the risk of equipment collision i1is avoided. An
alternate part removal embodiment is by use of a conventional
robot device (not shown) mounted on the machine base 16 or the

35 adjacent floor having a take-off plate ;positioned. such that
parts can be transferred to it when the cooling turret block 32
is in the transfer position shown in Figure 1 thereby vacating
the cooling tubes slightly earlier in the PMC device cooling
cycle.

40
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ensuring the risk of equipnent collision is avoided. An alternate part
renoval enbodinment is by use of a conventional robot device (not shown)
nount ed owotohedTsarhi ne base 16 or the 35 adjacent floor ha&¢irmpoanesake- of f
pl at e pmhétCoaedesﬂbmuﬁuﬁcoqkumﬁl@amzbest&ansbmﬁéaiﬁﬁbmtlm@emnbbetéaoling

turret ck 32 t.he t.ransft Lan ure
vacat i n%$ %00 ?‘n{"mtutr)les]':tl Sght ’y rI | er y de%l 83 %68[1 é

,cycl e. ﬁ@riliBCéW) 63/8@9?1@27 tRCTﬁI:A@B/ @@5695013'&151@11)1 Jer¢MC&|p@r@oobommng 42
is retragted MO%'dt scﬂél%eri&ﬂde@a}igféfeymsshowrlé rbc!:dﬂﬂf}]& BurPY: 1 BE

cylinders 50 a ficient vertic di stance to clear e rotati onai3 arc of
thé coob?ngs Fbﬁ*és ot aed tHei fevparedtpr efléoms thphevapitehgteles evibhock 5

32 is thee nekat %@Ooee&r&%l@o A1t parvacaledehubes 1w tdbrdhe7pgxt set
of fresh]%% nol ded arts on_t he |d_cores 70b. The parts are transferred

and t he SBRENCR % Bt FhaRsietRen PRe thexPeUHueRFedCeBE 1B ubeYhBR RS t hat
is not atignedcatell tee dfjwdbéednocones, thhe d@;olndtg a1l dgedd blyDek 8Rel S

d I 36 th t.at t I
Vocar ed hftEtion; BrbRe T LR (BErHEE BUPEE' i Bhred Sdlabna,
i SL0 t hebyoohé ngyiimder B oé&SSEhestmmed axtatey) atonglagn akesvpaadkfel to
that of s r gl Oﬁhéon%r}&sef}:%éﬂﬁin%tld%% %8£E§°QJH nghgul%%%?tso thg . parts

2 on the turret cores 70a or |gure ows an arrow X I ndicating
the axiBpetramsl BRPoRCSEINghEVEESIE g acl Pt iF deRveD, axbably galehe @acant

t ubes dauai@gpawﬂémt &by tmatu a5k of & heoeael bAg thl eakesari Cihd Snépdi sated by
r ot atl:onal arrow Rl reshly nol arts ﬁ@l oaded

5
|nto t hd ‘E%%Jr:’rl?% [AVAER 991 th%ué?epbﬁvs O‘\éﬁoﬁgetﬁﬁrrﬁge?‘gﬁeﬁﬂg Ofr 4H8r at i on

ofist he cooling turret block 32 during the continuing rotation of the

COOlin?%P&Qﬁg 4“@58@3'%ﬂ'¥¥f@%e h?¥ﬁlggt§P9ng%F(%¥aaf”rP nggét gurg 6

hows € continuing sequence W € Co0 ubés 44 a
t r eat nedlge bgoohengosbIeetMSgsdr cobl ©i e14gn the vacant tubes durlng

the rotary motion of the cooling block, which is indicated by a
rotational arrow R;j.

20
Figure 5 shows the freshly molded parts 2 loaded into the
cooling tubes 44. An arrow Y shows the reverse axial
translation of the cooling turret Dblock 32 during the
continuing rotation of the cooling block, which is indicated by

25 a rotational arrow Rj.

Figure 6 shows the continuing sequence with the cooling tubes
44 aligned for treatment by the CoolJet™/Supercool unit 42.
Note that at each insertion of the pins 51, all the cooling
30 tubes are loaded with preforms for cooling. Thus, in the
entire PMC cycle, each of the preforms preferably has two or
more treatments from the CoolJet™/Supercool unit 42. This
ensures that any latent migration of residual heat within the
wall sections of even the thickest parts of the preform is
35 treated repeatedly, thereby minimizing the opportunity for
recrystallization of the resin to occur. Note that a three-
sided cooling turret block 32 would result in molded parts
being cooled for six molding cycles, and a two-sided cooling
turret block would result in molded parts being cooled for four

40 molding cycles. Thus, varying the number of faces on the
: 14



Note that at each insertion of the pins 51, all the cooling 30 tubes are
| oaded with preforns for cooling. Thus, in the entire PMC cycle, each of
t he prefowomspesterably has two or nore treatnents from PR&/CA03/00569

Cool é ethWlSH@eWh kUil 413arSFhi:§e ﬁﬂ&bé@fs difhaitn et 7 ilcﬁ; lei(tildﬂrgj aiy@n?@f ]
resi dua at int sectiqns of even the thickest parts of the
pr ef or m4 §"%§§h[ % ]r%ep%éfae%ﬁ/ Catnng)r %%‘fm zing the opportunity for
recrystallization of the resin to occur. hbte that a three- sided cooling
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on the oc%fi’@ 197374 RET! GAQS/DOBBF o £ Q@ ioh P 9 Cks Weth v &Y g painber

of |nject|on di ng c%cles i n_which the nol ded parts can be cool ed.

Fi gur e & WHovs i R3EETi SATeF LARIRdr LBE9 fHBRSalfersot & rfRe & RAVeace A
whi | e ap@dd C@ﬁé@lﬁb@fwﬁ@,@édpbﬁl\ﬁcﬁép@e@@nder Qﬁéd‘g&flesks oaCihe R dAce B.

The se nce I ntin own i Flg t he rts st ded
ntot SPELH T BB e S e, ST e Jor el heSEediiona T
rechI@Evﬂdetm& cﬁsarohydﬂ&spm@fEheednemb@mQMﬂunlﬁotakacblaoapletEfcycIe

of e S 10, dai 85030nsf QUindycles ol dhiedd o6t ion. Uil takedl ase,

addi ti I'ng are providedi devic i'tiona
mol di ngddjidlienadf theldipect fvaleni tohaythe pogsidsiien NGHE. tt hagayt hebe

ej ecti qpafiihe W@bg§dtH§Et%h% @%ﬁcQ&omﬁQﬁpnﬂﬁésﬁéﬂdQM ﬁﬁ?ﬂénQC%kan&QS or

pneumatic means, as are | -known in the art. Figure 9 shows si de

vi ew ofRAHEEBNETR | B¥ 3‘@?‘}}&%1%1%31 olefgs |9?%ePPFBH‘a&FLCt Heeans, as “are
Casl JetwEU1Sapeweoaln agad iaxge pins 51. In Figure 10, the PMC device 30 has
rotated to accept the just- 20 nolded preforns 2 into the vacated cooling
tubes 49. For clarification, Figure 11 is a sequence chart show ng the
oper at iRsimEc QUrshogs at eddle stizge off the PUEedevonenslOdijng tamdiaootd ng

- cycles.; Fguries 1%%%2%%‘1&‘3586%%‘&34 léﬁp%%@o(bglet b:%oz_ﬁ_n%:]r PGhUr esguri ngry

various phases of uence char ence chart and schemati cs

will b&igesE ibed ®heh pReY1e® 3Pnphast itataridi by eyFEres, t@@olllh‘@tt urret
cyel es.mAMEd MsForms 2 into the vacated cooling tubes 49.

For clarification, Figure 11 is a sequence chart showing the
operations occurring at each stage of the injection molding and
cooling cycles. Figures 12a-12y schematically depict the
25 structure during various phases of the sequence chart. The
sequence chart and schematics will be described with respect to
injection molding cycles, cooling turret cycles, and those
activities that take place in the molding turret 11 and the
cooling turret block 32. The control of the various molding and
30 movement operations may be performed with one or more general
purpose computers, PCs, processors, application specific
integrated circuits, digital signal processoxs, hard-wired
circuits, motors, servomotors, stepper motors, pressure

sensors, temperature sensors, etc.

35
Injection molding cycle 1 begins when the mold halves close,
the clamp is activated, and molten plastic is injected into the
mold and heid therein for a predetermined period of time. The
just-molded articles are allowed to cool in the mold for
. 40 another predetermined period of time, and the mold halves are
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activities that take place in the nolding turret 11 and the cooling turret
bl ock 32. The control of the various nolding and 30 novenent operations nmay
be perforwed3md37 one or nore general purpose conputers, PPCALCAPOEGELSSOr S,

ﬁppgi cgbiegl@dspema o lidiRPralre@Cciricuid Sshe gidvidd SAvgial £ 0 Gass AisLd
ard-wired, circuits, notors, ryomtors, stepper tors ressure

sensor §F‘Vﬂ§¥p3}a§t%rﬁh§eﬁé’%ﬁ@?d§ﬁc§&3 SPRFEEL i""glr?’%r?ol '%gc89tl,$%gl 68 4% when
t he noldolval vesldngseir tdre tHéeanmsts-radidadatmesd;tsand Thoe trenl Qlrgs tiwrfest

i nj ect [ I h t i s f a et i.ned i 0

e, e Lrieeifeely Ak MBeb AR Tl BETHT RN BREE; O

andt heingeeddoar nindlipeg | odvetet i fe, kasinshe nohd KhPvedeansimes e

03/ 097%%&8?%%@@0%&@&9 }?QP%'GE‘emyi‘ﬁ R dilg EYEESt whiihs SLRen yenes anay

fromt nold _Cavity half and rotated 180 degrees where the ¢ooling fan 60
bl ows ¢861 iTR-Ai ESorfiushetPuSPSHol 3R Par t SSherhBYfpIvigs uf et S foved
i medi abebydRs Metdihgwatdrebe 1nol=hd ayhd yphatk, aaged tramjfestican t®! di ng

cycle begi ns,, in the ti t he reviously nol ded rts remain on the
cores G FORIHPoFOrEE BHE Mol RIS A Sp it S 1P e TR Qe 30
i $0 novegeniedwarditthe nol ding turret 11 and the parts are transferred to

the cooling turret block 32 inmmediately prior to the nold being 10 opened

again. In the cooling turret block 32, the previously-nolded parts tai
(see Filg. theacomldrnomddutethtloladie Tool iy prdesodalpfmebied PRATtHadal A

The coqlsRg sl ab bl oGk 3ddded ReftdaiRd @Y Hd Hides e Jldhna tdi ret
11 and rotated 90 degrees toward the _Cool Jet TM Supercool uynit 42ét(see Fig.
12b) . fRES ool JIEPFMCOEMD O AR B2OFE BHert FrovBER dBRNGEr @Wahet cdBI i ng
pins 5ither embnsenhigedtiuktrett he1pr ghar nBofatefise0 Fi gegidde€) ,t@mlrdt hthe

12d) . te that..the

ool | ngooe Ly e &8 "o BRbF e 4a2. pri €S WhTSH. ar SR et orm 1P a
prior Gobdided titiretorat ednin 42wi8 thenf aowed (Gorbenfosditicherboking eat er
detall Helow obe RIRLALE A3l ale Lhenuented] bloun fQ, conplae dife

cool i n€ engagenent, and t he COO|.I ng ‘unit 42 1s nove upwar _tO dl sengage
t he he preforms are pressurized and/or cooled (see Fig. 124).

20 Note that the cooling pins 51 also cool preforms 2ajz.prior, which
are preforms from a prior molding cycle located in row 2 of
face A (to be described in greater detail below). The preforms
2a; are then vented/blown to complete the cooling engagemenﬁ,
and the cooling wunit 42 is moved upward to disengage the

25 cooling pins 51 from the preforms 2a;. At the same time,-
appropriate mechanical and/or pneumatic means are activated to
eject the previously-cooled preforms 2biprier (from a prior
injection molding cyéle) from the bottom of cooling turret
block 32 (see Fig. 12e). This step occurs approximately midway

30 through injection molding cycle 3.

After the molded preforms 2b have been ejected from the cooling
turret block 32, it is rotated 90 degrees (see Fig. 12f) to
present the cooling tubes 49 to the molding turret 11. The PMC
35 device 30 1is then moved toward molding turret 11, and
previously molded preforms 2b; are transferred to the cooling
tubes 49 of row 1 of face B (see Fig. 12g). Then, the steps
described above with respect to preforms 2ai (see Figs. 1l2a-
12f) are repeated for preforms 2b; (see Figs. 12g-121). During

40 these steps, the preforms 2a; on face A of cooling turret block
’ 16



25 cooling pins 51 fromthe preforns tai. At the sane tine, appropriate
mechani cal and/or pneumatic neans are activated to eject the

previ ouslwomsodBsa7 preforns 2bi-prior (froma prior injecPCarCAWOEENg
cycl e) Fr ogphbentet tuym l@éopogl N & uen&t ibihopkgBZ 1bsece fi gisl2ey: Thées
step ocgurs approxi,mate 1 dway  30.t.hrou injecti.on | di.ng cycle 3.
At or R TR S aTbr RSB ayet balH B et RO FFBRt hE oot TRg L e LR P

bl ock 22&2-drdiod St ad egpr@0rdegrices: i@eendlging 2&yclle whiedents t @pecbedli ng
t ubes | di g et, 11. The ice IS n

t owar ddr%oqtﬂgi Tr-fg)%qt H?I‘ e%ﬁl.l?gg%d Bbrevi ouséf;\/@%%g&gwgfefgrgﬁs g%?garé@gﬂjs

t r Ansf P Riana Rl ooMiAgayt ulbds Aot Ieyeatbdnf amelBipgee WY e 124)

Then, tg-H18PS dasa ibed abgyeiwyt hetespectpifepr efor iy 2adihseq FHES.
12a- 12f) are repeated faor _preforns 2bl (see Figs. 12 -121# During 40
these S985Ee% héTpr&tdr ns a1 bREf atC WF vibaTy ]PﬁgFEt odf MEVEH

03/ 097 3&A AQ GAD3H08EEAt BReC@loliuwgy tuksaol 44 Noferbhal ot Here 1&Rktoit is
not thet above-.descri be erejgform 2al which is ejected, but the preform
2a2- pridt® AU EDriSr-$hjcti on nol ding cycle which is ejected fromrow 2
ofiof ace A. This unl oading step al so occurs 5 approxi mately m dway through

i njecti |_di LYs! -ax ot Ab . f he oLl ng. tur IS
ot at ed BT dRr R Sod ax OIRP ra B L FELAG O SOLAYT (G L TRk
axi al | y2.0 PresBHE tdrvicsol Ihgleubeyefy wiwapd phef mpdeang ttgiriefe Hbl di ng

turret gkl ﬂq&eﬂ%ﬁx@é I8 %Mé“&x%ﬂ%@&iﬁld Yed rams| @bd nthd heuse9! 1 ndot U@t
bl ock 32, the PMC device 30 is ved toward the no turret 1 and

| di n
preforifs 242 57€St rander F8& t 5°Phé oot RSt I I V\/Flg'of%?ral:e A of
t he coaHaupdfivart btheckafneeetkipy dLMlesdbibbér eabtrer wilthe sadmect eps as

descri bed above wth respect,t efornms_2al (FEigs. l1l2a-12f re at ed
for pr roertar%rngazé,\g(]se%ﬁlqﬁlo'ggl.zal—gln%@rzr‘?.Pehﬁ?geﬁﬁgéi gofzﬁrteggtrngshgaéogﬁ‘?%g
pins 5Figeol 1dotllthe pNeteris 242 iL2pr ¢had ofhef apwAnaoims | Shscpedf or s
2al inyow 1108 ﬁ%%?o@m Taﬁ?hé%lhg‘or&r?oéfmfgéé are coolaa 20 ty-SeoPyst he

cooling unit 42. e al so In Fig. 12q, the _prefornms 2bZ2-prior are
ej ect edawhi erPie pr eforfiACRbA - r enBifnsi nthe preforms 2a; are cooled

20 twice by the cooling unit 42. Note also that in Fig. 12qg, the
preforms 2bsprior are ejected -while the preforms 2b; remain in
the cooling turret block 32. This step also occurs

approximately midway through injection molding cycle 5.

25 When the cooling turret block 32 has been rotated so that face
B is again presented to molding turret 11, the PMC device is
moved toward the molding turret 11, and preforms 2by are
transferred to the cooling tubes 49 of row 2 of the cooling
turret (see Fig. 12s). Note that preforms 2ai1, 2a, and 2b;

30 remain in the cooling turret block for additional cooling.
Thereafter, the same steps as described above with respect to
preforms 2b:i (Figs. 12g-121) are repeated for preforms 2b; (see
Figs. 12s-12x). In Fig. 12w,. preforms 2a; finally ejected from
the cooling turret block 32, during injection molding cycle 6,

35 more than four cycles after their molding, and after rotating
one and three-quarters times (630 degrees) around the cooling
turret block 32. This extension of the cooling time allows the
preforms 2a; to properly solidify without the crystallization
problems discussed earlier. In Fig. 12x, the cooling turret

40 block 32 is rotated 90 degrees as well as being moved axially
17



the cooling turret block 32. This step also occurs approxi mately m dway

t hrough injection nolding cycle 5. 25 When the cooling turret block 32 has
been rot aved3swrthat face B is again presented to nol di n@Cruracenostd, the
PMC dewccepi&senbVathd owdsﬂiltl@e tiled N4t Wi etowll amfl Faeforas tab2les e
transferr%g to the qp ing tubes 49 of row 2 of the cooling turret (see
Fig. 1§§5 Yt fornms 2al, 2a2, and 2bl 30 remain in the cooling
turret bIock for addi tional cooling. Thereafter, the sanme steps
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coo |ng statfons c . one
the threloter tposeti drkotlo wmechr@h@tééceislmfnq héheccﬁﬁ@v@-d%ﬁ@mb&bﬂ ock
are rogﬁkﬁ%a ring the above-described process. 20 4. Advantageous
v

Feat ur antageous features according to the preferred enbodi nents

20 4. Advantageous Features
Advantageous features according to the preferred embodiments
include:
e A PMC cooling turret block with translational motion
preferably along an axis parallel to its axis of rotation.
25 e A PMC unit that provides two or more separate and possibly
different treatment events for each part.
e A PMC unit that carries a blower unit for projecting a
stream of cooling air onto the parts positioned on their

cores prior to transfer.

30
5. Conclusion
Thus, what has been described is a method and apparatus for
efficiently cooling molded plastic articles, achieving reduced
cycle time and cost.

35

While the present invention shortens the manufacturing time of
blow molded container preforms generally having circular cross-
sectional shapes perpendicular to the preform axis, those

skilled in the art will realize the invention is equally
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include: A PMC cooling turret block with translational notion preferably
along an axis parallel to its axis of rotation. 25 A PMC unit that
provi des wWam®3o973aDr e separate and possi bly different treatroentAosvessds for
e?ch plé!ﬁpliq%.lﬂm rigl d;]tﬂléhat m@ﬁﬁéﬂ_e§;fadhg@\éel_‘polﬁ;@!iblfyoﬁﬂipj’l'ojIﬁﬁi-id’fgrc&lléf r feam
of cooljng air gnto the parts positioned on their. .cores prior to transfer.
30 & CHREISIST TGS, S THad ddbrr Rt Hed T ntibg SHeE dppaTat us
for efafnidci entlhgr cosimnyanol gadduicast | crequixcims, achisewiidgo edyeeeiralycl e
time a . iledh r-es Lavent i t.ens.th ctr i ng
e of Hr oo Gk arear pear sy e LR e TR B o b
sett i oaleismapaesjrerig@ndimiliar to the preformaxis, those skilled in the
art will realize the invention is equally 18 WO 03/097327 PCT/ CA03/ 00569
applicable to_other nol ded products possibly with non-circular
cross- $6& i AL VEAdpes CERASILS paPPER ddt nPUEARES (Ut edFEXERAECEN %L her
Sim | ablpceductia el lHdthdhesi NDiratvigeser ate el | gnat-kewwandinol thelesi gn
char act.er.i sti.cs as Tﬁth the 5 pregprn%igéectiongpoldc Thﬁ in i.vidual(i
conponefPE€HGh PRYG0EFi ot d8& gnatet” by PRitdcks FRAEREVSHE 3Bhed
Draw ngeecaraeiainl awed | nkhowriiti dalle to nibket ioperatlidmngar besstamddehefor
speci fi r%gﬂﬁﬁfQﬁﬁJQﬂmQQ9nAQnﬁR§£atiOn are not critical to the operation or
e for

best no carrying out the 1nvention. Wiile the present invention has
been described with respect to what is presently considered to be the

pref er ped 1Mol A Sent 1oniént SohOnke BBAEr gkaedithat Wite irdgdonsds not
limted_ to the disclosed enbodi ments. To the contrary, the invention is
i nt end&ato THVRFETERT bYis CRBfPRLst & RndtBGuPrat&ET e r?ﬂ?&f@rﬁ?ﬁ?'

i psl uded Vg hich Hehersfeird todhtistopmefi et iappendeatbic| bint ed heo stdope  of
the fold,onna o alp sk e 20 ASeqadled e B oadest, i nigraret gli oy so as
to encor%fa S a
intended to cover <various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims. The scope of the following claims is to be
20 accorded the broadest interpretation so as to encompass all

such modifications and eguivalent structures and functions.
All U.S. and foreign patent documents discussed above are

hereby incorporated by reference into the Detailed Description
25 of the Preferred Embodiment.
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such nodi fications and equi val ent structures and functions. Al U S. and
forei gn patent docunents di scussed above are hereby incorporated by
ref erencewDnsoIBke Detail ed Description 25 of the Preferpea/vboeicoment. 19
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The second bl ur 40 TP | HholFRy G riktes RTPESDE r elamiae g dng "
aligned with thetiicled fegimstd dti en piosit iml difrr eecks ptandn use, of

nol ded arti cl es t_L erec{ nt %eC%Qldz ?(i[&%]’aq_til& acggrdl ggo%gngl ai &}ucée&éger

conprising a | enentary cool i station | ocate j acent said
rdtat abl e cool i rﬁ?@’ﬂtft}lgﬂléle%l 66k, hoh@r eiim t Heedr | ¥ e SRABHD| Plurgpdlivca@Si ng

rotation of thetRi@eHo0k i agcid1E8t FobhegK inCalUsest fdeerit Hd1 ey

second pluralities of cool i ngE 35 structures t be presented together to the
conpl ement ary cycle to the Tirst molding cyc

b) a drive assembly coupled to the rotatable cooling turret

block to cause, in use, the rotatable cooling turret

20 block to rotate about the axis of rotation, the drive
assembly further configured to cause linear displacement

of the rotatable cooling turret block in a direction
substantially parallel to the axis of rotation, whereby

the linear displacement causes the £first plurality of

25 cooling structures and then the second plurality of
cooling structures to be presentable to and aligned with

the fixed registration position ‘for receipt, in use, of

molded articles thereinto.

30 2. Apparatus according to claim 1, further comprising a
complementary cooling station located adjacent said
rotatable cooling turret block, wherein the drive assembly,
upon causing rotation of the rotatable cooling turret
block, causes the first and second pluralities of cooling

35 structures to be presented together to the complementary

cooling station.

3. Apparatus according to claim 2, wherein the complementary
cooling station is configured to deliver, in use, a flow of

40 cooling fluid into an interior of molded articles held
20



cooling station. 3. Apparatus according to claim2, wherein the
conplenentary cooling station is configured to deliver, in use, a flow of
40 cool i gyofoB9m21 nto an interior of nolded articles hel dPCIEANOGSH 097327
PCT/ CAO3/ 0G&6ohin t Bha t e A9y staeddd seeend plplraldaltiitesef €00l EBgling
structures. 4. ﬁp aratus for cooling a plurality of plastic articles 5
disposedilﬁ%ﬁ?%ié%?ﬁé]ity of nold portions, conprising: a cooling device
having (i) a first plurality of cooling structures configured to hold a

first pjurall I | ti 4 icl ) nd - Lty of
cool i ngli 1031&5;%1%3(“%%x}%§ %f icgiuéral:lg@p%o#)ghg%%é% nd()gl uipgﬁg?gtgof_ aPerr%{:gég

pl &stic artdeseesed E¥voPh gy RIarabhtyi eposedd aapabeArsSsafaMebbEing: devi ce
and configured to provide a cooling fluid to an interior of the first and
second pluralities of nolded articles 15 inside the respective first and

second pl urdl FPPeSREF 9G4S nipétRdctldred® ShBShovemertl iy ot uFeoling
configured tosfdyctulyd deorf {diséd POVROEAtat OieausSpluebat tyeoioMeNBEE

bet ween sai d olin device and _the.ml d portions 1o cause the first and
20 second pl BT Bs20F L ibFaod B dids 3 HAIGE HRTCFRehett PbecPPIEPdand
sédond pl ur al stiestwfesoatampi gwstedicttuy ehidlal be psesentedpflorsadidycoofi ng
station, and . ({idg f%ggﬁcqafgﬁﬁggsnnvenent, different from.the first

movenent, to alternately cause t first pIuraIité of 25 cooling
struct ur es anePrekigre tHeasbepndl prosadi aglatentodpidgcepibagufiesice ped

presented to ddieridubkadi £y Sfrovibled POELIPNSy BlufBPRIALAS ACEOFHbNToEO
Claim4, wherein said novenent 30 strycture prowdgs %nggflrst npvenent as
ar

a rotary novemtnt THRF t %S e SETP OV plasigsim fefenfrhaFaffel to
ans axi s of thesidd athenovespattibe Appartat uadaceecchdg dlmr@laditned wherein

To be 1ot at SPHEIE (HANSE BorSE wi th respect to the o o tlCIeS

movement structure configured to (i) provide a first

movement to cause relative movement between said cooling

device and the mold portions to cause the first and

20 second pluralities of molded articles inside the
respective first and second pluralities of cooling

structures to be presented to said cooling station, and

(i1) provide a second movement, different from the first

movement, to alternately cause the. first plurality of

25 cooling structures and then the second plurality of
cooling structures to be presented to the plurality of

mold portions.

5. Apparatus according to Claim 4, wherein said movement
30 structure provides the first movement as a rotary movement
and the second movement as a linear movement parallel to an

axis of the rotary movement.

6. Apparatus according to Claim 4, wherein said movement
35 structure causes the first plurality of molded articles to
be rotated more than 360 degrees with respect to the

plurality of mold portions.

7. Apparatus according to Claim 4, wherein saild movement

40 structure causes the first plurality of molded articles to
21



plurality of nold portions. 7. Apparatus according to Caim4, wherein said
novenment 40 structure causes the first plurality of nolded articles to 21
WO 03/ 09 AP 03PLBLTCA03/ 00569 be held in said cooling devi ®ETIGx3/a056p east

ngur cycl epcOhela mal Ciia(égi opesBih@ndeditberphunal ilepsef fmird paritdonst 8.
par atus accordi,ng to i.m 4, rein. sai.d nov nt, - 5 st.r.ucture causes
one cool i n§ W&%&n O?zﬁrd&dr?& ior%w% ipg‘élratl&tlye F B P Gual to four
nol di ng cycles of the plurality of nold portions. 9. Apparatus according

to C aign 4, 1, sai ing. 10 i op i jgured: to i a
cool i nggrt}l @P%%%gl% d%s?tq:é)%%gnoftot h%ﬁ%%{ner?’or S‘gl?(g?%ieﬂf [ %%%&_ar@‘%gé%ﬁ%l
pl Biral i ti estolctolrdedatzes| esej gopdénghevicddsperfi felfi coolingd BRI

pluralitiess0fpE0Qhida Slihatiyf eSqudD 18- ARPAr abusiagC k¢l 1wk t £C@idn 4,
wherein said cooling station'is configured to provide a pressurized
cooling fRdvgaddtehet madd o aMFe first and second pluralities of
nol ded articles inside the respective first and second pluralities of

cooling structures. 20 11. I@gr t us accaording tonCIa,im4S f rther:L

conpr i sing ABPGRE S5t AT ugi%d T8 & codlTHg devi @ And ConftYur ed
t @0 provi detedadlonngiai rconf exteedort obroledpl uraledagliglg dlastdi ctartacl es
disposed | /i3 PLULAl idy Qfndl e B8 dOr 1dONSHd 2 ¢ ARRAT App_askasding to
Claim4, whérein said first ural1ty of cooling structures conprises a
first pIur&hﬂy@liﬁiaan@icwokékﬁiﬂgtigb@g,laﬁédﬁhéhﬁ|¥Qﬁ¥Qf§ﬁ¥ﬁnﬁPrSt

plurality 300fcoRld R SHUMIEL S CHIYI:IRS a0kl urality of rows of
cooling tubes which are interleaved with the first plurality of rows of

cooling tubes. 13. An injection nolding machi ne, conprising: 35 a nold
cayi ty il fagiaatgisa plddalding oftorold ciavi t4 es;witermin coail hatdohiawg ng a

plurality %%5@?8% ngescdﬁg£58§QQ”QL99p&%v% Eg 8'9£%é£éxr9£e5¢”éééf¥5§ies?
fluid to the interior of the first and second pluralities
of molded articles inside the respective first and second
pluralities of cooling structures.
20
11. Apparatus according to Claim 4, further comprising blower
- structure coupled to said cooling device and configured to
provide cooling air to exteriors of the plurality of
plastic articles disposed in/on a plurality of mold

25 portions.

12. Apparatus according to Claim 4, wherein said first
plurality of cooling structures comprises a first plurality
of rows of cooling tubes, and wherein said second plurality

30 of cooling structures comprises a second plurality of rows
of cooling tubes which are interleaved with the first

plurality of rows of cooling tubes.

13. An injection molding machine, comprising:
35 4
a mold cavity half having a plurality of mold cavities;
a mold core half having a plurality of mold cores
"~ corresponding to said plurality of mold cavities;
mold movement structure for causing relative movement

40 between said mold cavity half and said mold core half to
22



nol d nmovenent structure for causing relative novenent 40 between said nold
cavity half and said nold core half to 22 WD 03/097327 PCT/ CA03/ 00569
cause a pworoalo9p13g7 of nol ded articles to be extracted frompCTaiad3pogpal ity
of nmold cavi tciaelssedlar plgredciityofofa mqlldedalarnd adfesia oy cdxasract asdairany

devi ce novabl e respegt, to [ I d, : h .and Lng
plurality of co\é; i |}|)gh3tr yfo fol d‘gct)ﬂg %\Eég |e?y g*'&r%o de%%\z{a:r i cafes a
extract ed fr@mugalldtypqur alqltcy afclesi;d cavities; and cooling device
movement  str U&angoa%kﬁ@et O &A1 £ Ok kg rQ@ﬂé&@ qied galml gured ddre

maintain the plurality of ded. 10 articles in, said rallty of cooling
tubes for a tiedd %@rlftﬁif@&e%dp%‘@r%%tﬁéfofhéoﬁ%%‘gcw tpg Hodel ¥h®ct i on

mol di ng machigieragaerdi ngrt Onglaie@ 13artybeEsi n Sai6h GO | NGrefvi Geaid

novenent structur rmves sai ool in %rew cein arotary direction and
inadirecti® urﬁirl?}lyléﬁ 1 C&')V 1@\5%%@ otary notion. 15. An injection
nmol di ng rrac:la)iorlen@codmdim@ movEhahm B rucwereicogpled cool isagddexdckeilms a

s wher e o B8N Gac R iR, A00 D ALLAGEN SEOPHIOM AL AP ubes.

and wherein sai coo |ng evicé novenen ructure nmoves
devi ce such ehdticlies thre teidt mPluredliithy of coolimg Twibrss f@néelavets,u@tefl rst

plurality of Jmlided artddiey; fRMosSaid M1t cfedal f in a first nold

cycle, and (i1) the 25 second plurality of cooling tubes receives a second
plurality of nolded articles fromsaid nold core half ina first nold

cycl e, 1gal ripoolﬂj&:td@ﬁ Cernﬁp&ﬁﬁ@ntmébhﬂﬁéur GccoRding Saicd cuelinhg T®Vi ce
in the direction paral thedaX|s of the rot E%Brrg on _bet ween t ge
first and & r?&nmﬁ"i’jl 3508 ¢PEs ISR COATHRE T off CHBFEFRG ARV eSSt

aasor di ng tcoodiaigm déﬁ;cev\hm ea n rediadyc odl Tegt teni e@doie nentdisteaictom e

noves sai dﬂagf%[q{]liéaq? t%e‘é aofrq:t co%arrﬁétﬁé %grpr nore than 360 35

degrees wh irst pIura es holds the first
plurality of nolded articles. 17 An i njection nolding nmachi ne according to

daim 16 Bﬁqtrﬁﬂjection molding machine according to Claim 14,
wherein said cooling device has a first row of cooling

20 tubes and an adjacent second row of cooling tubes, and
wherein said cooling device movement structure moves said

cooling device such that (i) the first plurality of cooling

tubes receives a first plurality of molded articles from

said mold core half in a first mold cycle, and (ii) the

25 second plurality - of cooling tubes receives a second
plurality of molded articles from said mold core half in a

first mold cycle, said cooling device movement structure

moving said cooling device in the direction parallel to the

axis of the rotary motion between the first and second mold

30 cycles.

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

wherein said cooling device movement structure moves said

cooling device in a rotary direction for more than 360

35 degrees while the first plurality of cooling tubes holds
the first plurality of moided articles.

17. An injection molding machine according to Claim 16, further
comprising a blower configured to blow cooling air onto the

40 first plurality of molded articles before they are received
23



conprising a blower configured to blow cooling air onto the 40 first
plurality of nolded articles before they are received 23 WO 03/097327

PCT/ CA03/W03809732n said first plurality of cooling tubes. PC3/CAB0036p ect i on
mol di ng maghi Re idc Fdrditngluea@iaiymol7 ,codlirtdaruteamnpri sing a cool i ng
station di sposed adjacent said 5 cooling device and configured to supply
cooling fluid to an interior of said first plurality of nolded articles

af ter 18ai dncoolrjer dewi cenobdionent mschiipeur eceordtiay sdicd ¢Yalidmg 1Hevi ce
in adi rethh‘}gh%‘éa%ofn{a‘}Ts%@ffd aﬁ%%lqﬁ{ge N8 i orl G lSho il | URLLdHD S i ng
machi ne according to alm I8, further_ conprising coollng statlon novenent

stPucture CEOREPGUAEYHE Gads € IEULRRS iy THIR LD RS of Bb ot iR
flew cte a_nfl %%%'e&i%&?'c%f‘gséiélt EQ?_stl_%)l_Z,&@[ﬁQﬂﬂr@’lﬁ gﬁo&aédmﬁyﬁml@scgméhg
urret w respect. to astic injection noldin chine portiaon,
compri si ngSaifh ERL e, SHRHCS FETEIE: i GuTen 1o e At oo 1798
turret anddeké cel dst iac dinjerdtiionn ammehydifgpmechidengiat tdare 120 f0 nove
relatively toward and away from each other; rotary novenent structure,

configured to cause relative rotational- movenent between the cooling turret
amel t hé9 .plAast iignjenteictn omebdthag machine pectioodingnd taxi &11awmvendehi

structure Gonflhqyre éxf?pﬁ%%?greéééiysgaxg%lté%i %&@n@etm&iﬁe

cooling turret and the™ tic 1njection nolding nmachine portion. 21.
Appar at us SCEGHEWES T R0 et ELYEr NEBRPENRS mFt¥estodiaity TR +erg

havi ng fir glevard seeondiidteydigaaveddawo0f 30 cooling tubes disposed on
each of two cooling turret faces, and wherein said axial novenent structure

noves the cooling turret to alternately present the first and second
i m$ er | eavedppews tafs cboti nYvtinpesa dicopdsed; otueaeh ofi thherespwcitcodlbi rng

turret fac t 0 .a, r.ow of, .nol : S ml din gﬁg_lhg e portion. 22.
Appar at us §§8§%&1 ngjL%tjoe J(Elg?l m %%{1?%;” eérlﬁgloe r?fglnog{’ag: co0 |52qu%t ation
having a plurality of cooling structures which respectively correspond to

both the fihsleAndnSEORAC: 40t FOVELRE CRRIFRGIAdEeSs BRAsUNGIRI Nes@ thgotary

nmovenent , .. , \ .. .
turret and the plastic injection molding machine portion

20 to move relatively toward and away from each other;
rotary movement structure. configured to cause relative
rotational movement between the cooling turret and the
plastic injection molding machine portion; and
axial movement structure configured to cause relative axial
25 movement between the cooling turret and the plastic

injection molding machine portion.

21. Apparatus according to Claim 20, further comprising a
cooling turret having first and second interleaved rows of

30 V cooling tubes disposed on each of two cooling turret faces,
and wherein said axial movement structure moves the cooling

turret to alternately present the first and second
interleaved rows of cooling tubes disposed on each of the

two cooling turret faces to a row of mold cores on the

35 molding machine portion.

22. Apparatus according to Claim 21, further comprising a
cooling station having a plurality of cooling structures
which respectively correspond to both the first and second

40 rows of cooling tubes, and wherein said rotary movement
24



24 WO 03/097327 PCT/ CA03/ 00569 structure rotates the cooling turret to
present the first and second rows of cooling tubes to the plurality of
cool i ng swowswemes. 5 23. Cooling apparatus for a plasti cPcajeesioes nol di ng
machi ne hasvtngceaupé uraltiattesoftinol coebieg duspesedd nordsdrasthen€irsaw,

conpri si ng: po d i devi - o e wt es ta.the .10
plurality o?ﬂdno!%é%or%s;rcog%r o'?%t ag%égﬁgggl i %ggtg%r rge\gf g:ggepl %?Jt&glslé_’lyd Bgst
mol d cool i pePHERY cetundtnaesng two faces, each face having at |east first
and second rows of cooling tubes; a cooling station coupled to said post
nol d cogQl i ncq device 15 and having a EI urality of cooling probes configured
to 2 profectCOtHRY i AFPAFGILESt %N 3 nPePSER Cofi Rt HePmarRotiE’a mashdeehot h

the first anaviegoadplewsldfcycast imgldubesesl digppseld tihe {Bcesagt sakd
cooling turret; first.novement structure configured to cause said post nold
20 cool i ng o&Vi ce” T hBve% oward and away fromthe plurality of nold
cores; second novenent structure configured to cause said cooling station

to nove towar d avay femsal olin rret; _thir ment structure
confi gur edvgogé%&se, sai d cggg:l?l%d%%%t% r‘gltorvt 8Hriot a"f’lei_wt\ oggggégﬁa?te? yHﬁFesent
thHe first and Rbeonblevopfrgotdreeresaces to said cooling station; and

fourth novesentosdtdeidr ecSOMHPUIRL- AL Calsf 1R d 1&Polng t BpLet hg1ADVe
axially with respect to its axis of rotation to alternately present the
first row of 17y 989ifEbesdahdVingn tite akhd PE BFCR oBRVERIt bes of

a cooling turegét foLest oahfiese@n@f rowE docoe661134. tAb&E} hod of cooling a
row of nol ded arii cl es

Of+ 35 Trarbr 87T HE"t RESFo of SHBLAGH A It Ve 2719 SEOP DT SoUgaFi ng.
t Ules di sposethdnhavéogl imgptlevatetymofi ngodheng owrobespl cerdf iaydted esoi n
the first rObegje&@Oéiggoiyggsfigi& E80££n9nﬁggﬁggnbf molded articles
inside both the first and second rows of cooling tubes of
one of the faces of said cooling turret;
first movement structure configured to cause said post mold
20 cooling device to move toward and away from the plurality
of mold cores;
second movement structure configured to cause said cooling
station to move toward and away from said cooling turret;
third movement structure configured to cause said cooling
25 turret to rotate to alternately present the first and
second cooling turret faces to said cooling station; and .
fourth movement étructure configured to cause said cooling
turret to move axially with respect to its axis of
rotation to alternately present the first row of coéling
30 tubes and then the second rows of cooling tubes of a

cooling turret face to the row of mold cores.

24. A method of cooling a row of molded articles molded on a

row of mold cores, comprising the steps of:

35
transferring the row of molded articles to a first row of
cooling tubes disposed on a cooling device;
moving the row of molded articles in the first row of
cooling tubes to a cooling station;
40 at the cooling station, injecting a cooling fluid into the

25



40 at the cooling station, injecting a cooling fluid into the 25 WO

03/ 097327 PCT/ CA03/ 00569 interior of each nolded article in the row of

nol ded awoioslogs27 novi ng the row of nol ded articles to a pogicacsmosanay from
the cool i ng stBEPBHROTS5 GFpvPAght eokdrd obrmdicded dmt itdleesrbucloft ompAded
cooling statippicatsthe cooling station, once agal n injecting a cooling

fluid into the. mhgg}l or of each nol ded artlcle in the row of nolded
articles; ahd’ 189 mbiengFhet HPHHeFoPEEICAREI EPe RPHHCBPRcVer $ESM on.
25. A method slceocdobiingostChaliom24, wherein the step of noving the row of

nol.ded arti o] osition.awa romthe _cool stati Lses t he
step of fur (%u %thf}}%’ the 1%f $ Pddd S5 c’f’%gk %5’5% éH]gacent
t he row of n@t@iti:@mes. 26. A net hod accordl ng to Claim 25 vvherel n the

step of TuiinemdDKLB9;he Loutal, Moldedl ALbLELES: | P B RRST L 00o0t0n

adj acent the row of dores ineludes her ep o £F ans errlgng
anot her row of lwf dbatar the| dateplar seEondchomoldedcantinget ibeshei sposed

on the cool i ngr deyi8ed Zftif &8l hgdgaccording to O aim 26, wherein the
ITDVI ng steps 25 ¢ rrgrl se rotar rTgverrent and wherein the further novenent
st'ep corrprlrg%‘élré%gl? movene tmog%e articles to an ejection station.

25. A method according to Claim 24, wherein the step of moving
the row of molded articles to a position away from the
cooling station comprises the step of further moving the

15 row of molded articles to a position adjacent the row of

mold cores.

26. A method according to Claim 25, therein the step of
further moving the row of molded articles to a position

20 adjacent the row of mold cores includes the further step of
transferring another row of molded articles to a second row

of cooling tubes disposed on the cooling device.
27. A method according to Claim 26, wherein the moving steps

25 comprise rotary movement, and wherein the further movement

step comprises axial movement.
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