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.COCL]I NG METHOD AND APPARATUS BACKGROUND OF THE | NVENTI T
invention relates to a nethod and apparatus for nol ding and cooling plastic
mol ded ar tW@P%8%8uch as 5 preforns made of single or mul thfHS&s“ﬁ‘ﬁPen al s
such as plastic resins. In particular, the invention teaches a rapid
i njection noldi n@ammesmsmaoeoth@omﬂaje(i:mobi shesarmmaitvas PET preforns,

are ejected fromthe nol dBp&f&{cﬁmch@,chgy MM%NI s conplete. This is
possible as g,result of fhe Utili za$| on $ost mol d cool i ng
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t | 1 h th t heat
Crans or o3eriny an RRPe SPRHA <t BRLo RORIenBaR] s SHRM thREISRy with

the int ef“ﬁéﬁl%éimﬁﬁss Py t(‘E’GOf“Ph@e‘@)fa’?ﬁﬂcdéé:aﬁt"%l@s PE@present s a very
critical paspents ofarehejéstertfiron BB el HedoesSthecainanyt sedf aa s the
quality @bmbhecartighe ?@%ds@ﬁ%ﬁ&s £h§ r.oé’s‘?fl@ L:fzg/ﬂé N&GLLeD; Sycle Lime.

ThIS becones_even re critical in I cations ere sem crysta % ne
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i nj ecti opret fec)RAT ingsima klehdwiynsonmethiomdledtcavahyfepacdtborbeing) i ng for a
su:‘]I fi It ci e:irltemaeédh ad-oaf thé rm;t,icp aﬁﬁegeﬂguﬂ&i @JﬂsgeeOEnéfr)(&Edaélerre Qortions
an 0 a e ormto sqli ore ing, ejecte WO I ngs
typical |y p't“é mer %l%re losromq"legcbg% %‘% &k ételeagF? i cr?BIlﬂ"‘?n order to
reduce tKeneyehee ‘{ghnﬁlb‘l‘e’f eNVgcEd P 0P protikics ioTheedd tslansget hat t he

pr efsor m iwainptn30 takef prage Mtoqkadt paremsily BShANESSeodsh§ HOER QRPOr ti on
opposed tlgtgp,q:alntgoq,l aie is crystallized. The amount of heat accunulated in
the walls o orm; during the injection process will still be high
enough to mdﬂrc%o% PO Hy ™ aﬁl?f]aF’r”Fh‘F]c%F ESPEEFArYS 4 Wefhe gate area of
t he pref eratidhle BPeght ef arhen iingegtien ymaldingc akospes Hxeaadseitool i ng of

the nol d aieetbi &w@bh@ﬂty soﬂﬁ%eetaie%wearedﬂ%ggc@gdt@ $Rebggpuse the resin
in 2td’ue mal d oSV LY space. | n contact wth hot stem of the hot
99 ¢ =,

ruriner inj'@ction nozzle 85°BF° evﬁr"ef“BFﬁ] ‘F’é’rﬁsﬁcﬁé tPystalline
above a GPPLAFIHtIGNse vAAHe mWrYSta-llQn@ U5 iNs2608 YE@DOs50038s the

PCT/ US98/ih482Ridrhin1viihy v akean pirBeoamal | Asteaf iajbkowwn arhiecher The second
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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
crystallinigy 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 iﬁjection nozzle. If this area of a

preform remains crystalline above a certain size and depth,
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that the preformw ||l be too soft and thus can be deforned during the next
handl i ng steps. Another critical area of a preformis the UARh

portion which in many instances has 5 a thicker wall and thus ret ai ns m)re
heat than tWe9psdezx portions. This neck portion needs aggressswaspost-nol d
cooling to prevent it from becom ng cryst aI lized. Al'so aggressive cooling
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the prefomus teaahnesldy itheleatihyeindiid a EPQHE}Q Jﬂﬂéhdh5§ Pl own inside

t he ef or. (" h de3 further renpved t he sanme :
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30 cooling nmeans. See Fig. 21 shown herein. Further referen

.Japanese Pat. Discl. 7-171888 which teaches a preformcooli ZG pb&ﬁaéab%and
met hod. A nol ded preforns robot carrier is used to trans ?@ Husds@oRr ef ornms to
a cool i ng“&@RPBh. The robot includes external cooling of the 35 preforns
wal I s by conduction thermal transfer using a water cool ant. The cooling

st ati on ¢efjrienesea inglsdimgvabse dodngiveeffdbboenthatlesas a rotary hand

portion LALEMGIiRG , VAEAHER aNSnd Of ink)| tiik8 bBeeRt BiOMHFE pREEAMSO external
cool i ng 8f thetpr ef orms walls by conduction thermal transfer. The nol ded

pr ef or s 2FF™PEIB 5 JAN 2000 WD 99/ 50039 PCT/ US98/ 14972 transferred from
the robot car®S ZateBtthfe RandSpdftidif STREZhAhY PRt ioRTPECHbVed from

posist i ONcdolingoaeithb®mndB aplpeketus . i The ofcatied pyeObrn rnsordesired byansf er

- the pref eﬁgslrffe%cehsn R didly eBLa_( @ﬁtéﬂfe %tee&b@a)a,t@a a el jdig tool . The
cool i ng tool ans to | d erforns, devices to, cogl the inside

of the pFeFdris BYLB o r‘?gcgo aﬁﬁd Ib"‘é@ldé’é?sg f‘BtCIB%}fetcf?é‘ LaGE YR &fet he
' pref or membyded tdr@rfObhowmg:Omlrmortum eyargegl thgn Uhe dretfermals cool i ng whi ch
Is errpl OyeHcds a3RWA EXe F;Jx@'%ora&tangl&p dwlalna aibi sr@kephe does not teach
oI in t hod ere I’nnctleral a gem w1 «%rnnal CQPalaéun are g&rfor med as
gﬁg ?ote fronfiHe r?o ﬁf oris aPBE; Bt 4% PomMYhe nol d and
| nto a cébPV’érlfpltzﬁ*Fée Patefitso 1éo‘é§aﬁo’%h% gaef osmiF t grtednsedi i ¢ihfal and
ext er nal me08l ¢drg a@hat bei preferimbcabtle imaykadee tﬂéactytad bymé he novabl e

robot canpLer;,ch&Lef of 1&4“1% ggelwglg@é&ﬁ g gm %@%bmw' and

does not “prevent crésta inity formafion out igures 19 and
20 show ERBWAMMeNFod8e P § 4% nal 'y cool i ng preforms where a cooling device
i s Isocat ed ourwitdert hefreafar msanddé stosésl Masebkews cood, 3a7¢ i nsi de the

preform sB§§§‘U§@1 t rse389 @nr nQ@zkesh g, i@&aéheafi QEEéhd§ gﬂa@op{nef orm the
i ncom ng .cQ ev tabl I nte | east partially

at
with the lBﬁFEBﬁ r?ﬁ’o\*/ép% ??de?ﬁrlggmfr‘l P%"f‘éimcf’f’gﬁﬁﬁ y PF&fﬁﬁﬂst he cooling
ef fi ci eneyectéd tirercoonvhy) akevitcensfebned He sapeelvis serrherhe preform the
appr oach nakifg gtHRukOmbsnd NS freehiinetRd pagise tiRepeadess winaht Ccircul ation

' n e pﬂn%fc%g‘ ccH atcttl_eﬁ&?'érﬂc_g Je¥LERs Sei@eh Had! | ¥a ?i" f%n%dg?gféﬂnéz I gure 20,

nternal "air ion iIs ac |eved b is’is s ecti ve because
one si de S8FTrife ‘ﬁ?‘@f"GFrr??%s % BAVENANY a5t NGo SR AR HafoPRENDt her . The
cool ant hkasea gpasivrtheer gentoduced pneoidé ech30 preffbras noatadynededy i cal

profile. ¢RI 8apFAf l@al & 886%:19”%“15@@" h!ebﬁ:ﬂﬂ: i1t s4QESeP o3 bAHS 1
concentrate_the cooling f /gas towards the sprue gate or _done portion.

SUMVARY G2°FHER$RVENF #?“?sl fBFFHSFp’é?“‘%‘kﬁdeé‘P’ 5P€ 38" pPBERM i nventi on
to 35 proeiade bhatetdedd ianthappratsras foen priod pbiamgepr efprawding cthehave
i WprOVGCI#HﬂQbEﬂQ.efﬂﬂd&beﬁﬁyenéb 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

a5 preforms walIs 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

3



-- 2 6 JA N 2005 WD 99/50039 PCT/ US98/ 14972 1t is a further j e 0 e
present invention to provide a nethod and apparat us as abovmzjahifANpégGSw
pref ornms havi ng irrgroved quality. It is yet another object of the present

i nvention tY95°BM8%i de a nethod and apparatus as above whiF€AUSBHUER over al |
cycle tinme. The foregoi ng objects are obtained by the apparatus and net hod
of the preseiisrienveat foe the @RBoENBHL BNk, LhE ﬁm%&k&%nmﬁm ng and

cooling 1 t t _inventi.on in¢cludes, renoving the preforns
fromthe %DI E’%?g?éntﬂi “ﬁ"%ﬁ‘g?ﬁg‘“a TIHAY 2581 B HrHay s i"ﬁ%r?mll‘”d,lsi .e.

the prefortfiEat&faPy 2°Celt Sxfeanbantryisfiesathehprefegnparentedldy far

crystal | i mnlyhetsphaeegatel qxor ttboa, codiei meekol i ni Bhe RAINIIAG O5o1 haentire

prefosm netisnicBInbbe BHEfRFe A2, o4 side the.gp] dér{‘% ESEH ag% i nternal |y
ys

- cooling the prefor Q%’) convection’ heat. transfer so that cf Reati on
does not Gccur i any bi¥iNfoddTr BB TRV i%eF &RotRRt Eiboutaibde of Hde

i nnovat i vePuRFIgMAgPEnell Byl ibigwied hotk ofr Wheepr ese&Ning.NVERLT DR LGl i Ses
renovi ng tde1ingf enweh 20 fanimolybe 1| LhRef aheride. prefoums are ful Iy cool ed
i nsi de theyml gatL_ F.d‘g@ex‘&t itle[acget ain_a certal n anount _o? heat t'hat may
potential Iy crystallize 1He spras” gat®PIrei BRENehe ek intprast B@eti on or
the Ehtir EX5EEP8Lnforiing fingg Peréopred @snsoont 8% deoddielenkdomgray ea;

i nt er nal | ynareolti bhet pee Pirefs0nars byeSHW @bmOBRndieata s 2psf el so t hat

crystal |l i zatd d ot Lo of. the aforenenti oned regions, said
rrilr Braro- 1051l h?ﬁ%qﬁootoltgﬁfgi RUEH Feteolsn i BEST At RPEhe

cool i ng Steﬁ% conpri Slf dgl aci ng _
preform and &xterfigP %’ &SI ithG PR Jmst Whddepbyhew mrscriebaihahtbyt tansf er so
t hat crystwiviabat Feohotoes mielr . oTherefareanyhet &b Y abensgesyd ixyred

regims. THaete¥heagR! an®Adedd nst epr S PE simul t aneously, at
| east partjgal Ii)éesi__{;rgl%gﬁ ousl y, g&sequenf?%ﬁ%% h froégf)g’c?“to t he
internal cooling step. I yet anot her enbodi nent, the innovative nol di ng
and cool i ng nefk8dres thangr @9enbov nuenni 0RLBOAPId S ESHtEeABYINEJINEng5

preforns forefoihe wRefe helc@og ih§eads £IOra8 18&&4&“4&&%%' ?Q?Tiapr}%if%e the
a

mold, i.eanlshe¥ gLbs!ed 843N 3 ¢ertain aﬁoun;l of heat t y potné‘nti ally
crystallize the sprue gate portion - the A8ckP? iR <iP Por t PBFALSS thRe entire

pr efor m raé'lraf’ﬁizgget% Angubsitds ddet Reefioimli rMpearieapmimg erondl | v
cool i ng tlér5flow 8ilh MMeva®a51 WO 9HTFRR39aPETH 1SR 14942 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. This 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.




preforms by convection heat transfer so that crystallization saQQN ?ﬁﬁsr
.in any of those regions, said internal cooling step conprisin ﬁl

coolant in direct contact with the preform and externalpl A oYsTel WWaLe the
pref or m byY@ 3480t i on heat 5 transfer so that crystallization oes not
occur in any of the aforenentioned regions. The external cooling step may
be perfornmed 3tnid taadeotis¢y olgiteclteast tipardrieskehy snvartizmebaspngvice
sequenti g| hxtma mx{degasgiraé@s thae abBL M ot §2bliR8e ﬂﬁéf%"i"ﬁg Rivikese.
enbodi msntsf gng gg ns are ejected 10 fromthe nold and are retained
ext er nal *T8TPRE™ Mot ‘means i ndependent of the nold such as for exanple a
nmovabl e t ake- é‘Ff1$IY§ttea“SE|1&¢F iardepgEndenthe gireaenbnimksntsopayoret ai n one
bat ¢h of prokvdaed preftoasand HPaeathsbas ches ovhperf @ddilkeSbiutd ENeousl! y.
- When severah L batghes are held by the ' 15 independent neans, the batches
wi || have Ff erent tenperatures because they were nolded at different
times. Accordirﬁﬁ F 5 G0 "Pr RREFAATS ATENPPBRL N EYNEPYRPRIELBF Wi | | be
cool ed i metthbieventhes @eaeasesivdrgrinal |y and external ly using the cooling

met hod of theqypr &s@rgmaoamgm Orl:hej Nnf8ch A odh BBRL s t2e120y present
i nvention, .int erga%l? ({e]0) nmeans, such as cool %%JM ns, that

one usin

ent®} at “]e&g?fi B |F1r)?sFﬁgl ’cfévet'ﬁé°ﬁré'f“gwﬁe§n598f’?’t’l‘ﬁ dte Bbd t her ei n.

Cool i ng ifgopr shereekd delfpreoriee IpredognasarsiniByr Fealed liowidé Yool ant

dfel i \r/]er ednalrasi deet henPipRbobhhd haétaﬁanabe%ﬂigleptae‘duﬁ@w d}%aﬁ:ﬂeha?@ Eorti ons

of the pr e cool i ng L t he sprue

gate and"} e%ﬁgtbﬁlnll@s%gygpgﬁlzreeftigrreé g?rt?tog% &?ntﬁ:g’%p?géént

i nvent i orfinii§® BOBELTH qrstHFr%'&’écf PEREPE™ ¢ n:eet@ewagnﬁre PSRECHBT ti on of the

prefdrm smtaddeotbs eadleliag aneal] and liawepha rigolcanl ingdOcHen peeEbrms

ebodi MBS vkl B GRERL cEANEAL Ub: chDE LARLAYYEC1d YRl n6001 1 NG Of

the preforns is su enent ed external cooling that can be done in

several @GS Efrd ’g&a‘?ﬁplt@c’sﬁh’é & rnal cooling can be done on a take out

pl ate , (SI ngIIe enovhex iepbedpoeit i dme thabvitais/ec moldimy ree@nsoopat i ve 35
using ei ti@hdeoBduehd \wre(s@ael efv avat o) ceﬁpppg@ee%heolx(@lﬁr{e%&fm

transfer. SO_C ona ake out eor tlple
pos?@ on) rtcﬁ“a'i%lh orengfl%o!%eefﬁé've ¢o gorﬁéaﬁgemﬁ%a L re 8?% are only
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be del i vesatkriniaanyi aciepandent the uB94556003Fbra ion)Acie FHHekPETR1398/ 14972
cool i ng g;?né/bzl% ©nt Qrdtﬁﬁ%AﬁrEOHPQféﬁﬁ (}léttﬁﬁnﬁlrl;' ft%%ep%f(&ﬂﬁ‘s Reteaes. Yet in

anot her I ment reforns. are retained in a take-out plate that does
not have By “to&élllf‘ﬁgaﬁ?an§“§ﬁ8“%1]r£y FAOILBPy RO ATET OF RE N ANV EY T he new
cookfng paemst dfrankéepresamiati avestaldn.zaTheni dersy aloitv eccwol imgnappf oach of

the preseﬁﬂe|M@hbﬁﬂléﬁb@&%g@8ﬁ9d|§@@t c@;ayl A e¥Rsr yingemovi ng the
preforms of mol d%gsartl tqg g‘tet he refor or nol ded

10 articl® acf’rpg b%?o le ? qu?éc eﬁf‘? * o8l ng the
exterior %’éﬁ#lért,aéé}’ofio@h’é‘%ﬁé‘?o?ﬁ%f‘éﬁmﬁr&méénmﬁlcﬂ"e§ea'én*élf%’1§éﬁ§af? er
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the present 1nventio addition Ste I nt roquced wher eby
the tenpeP@X iR SERRLANSHEH i saYe]cﬁféé‘dF’BEF ]H’eétmﬂﬁ‘h%?%’is
convect i oseqearddiaddybywitlr qelsperhgt@ weolintgrgals daediide step.pr ef orm The

met hod and appg{ %usaﬁs@ﬁzdléaﬁoasymm@ RIneS§Rhot VAL 'meﬂdlﬁ‘f dngevi ously
di scussed, can bé Sg8$ Eq'f usﬁ% used, 20 tQ Brevent crysta Ilza%hon in the

most crit PRAHE SRR ¥ OBt TURFEF TPV Y GB8Fe portion
whepé t hepspfamngdren sh¢ ouride e finge t the paeopns tauen fuklyt ¢raledt he cool i ng

met hod angnapiparddelimo®d, thee Pre mzngtirwwdaqn gadetR innhRgE™ @t i nto an
I njectiong blom{ﬁ“% %%99p9§hﬁkléily g%?ség¥aize the sprue gate portion,

the neck finish portion, or the entire preform; retaining the
preforms outside the molding area; internally cooling the

5



25 cooled preforns with no crystallinity are further tenperature
conditioned and blown into bottles. In accordance with one a@ch@N Zpﬁﬁ
present invention, a nethod for preventing crystallization in an~inje n
nol ded pr ef MaA%is¢e3enhanced out of the nold cooling conpri sesniseg/metzi ng 30 a
molten material into a nold formed by two nold hal ves or plates which in a
nol d open #drim@Npal 8o PG ARBEE o_def| a |.diing_area; cooling
t he nol tenpgé roitaloig\@i Iie in th? EDI‘(Sj&cr%\?i%ySgp%ﬂé%@f?oﬁy%(?q%)llg?ﬁﬁo%l d
hal ves up 10 & enper at ur'e *00b8f ah??%F IFFI¢rBse $314 hent@rpadaroel s
transi ti onStEMFEPRE LF &N 3 lgicinhet el ¢aarl amit éni &l reot tdwaitathewpoh da@ articl e
can be necheefaal;| ynhameleathaQulysédel iMe vhal drvkshpul, Shert 09, qn%%t .
sufticient

geonesr i catrgefh-mat i o0, ' mol d _hal ves by ‘a di stance
. to allow a_pol d%c% aét%te%ggrglrt?g#%%g% (r%ﬁ\?édn%%t%%‘:e‘}f e Mo frothe hal ves;

ej ecting the°TBIEGEYCRPY iTG%EE Fr onTive @ egnaA POl JE>- AAOPIBATODSI
PCTNS98/ 140X arimedneinl zthebuahsf eat i ngstheart pathe dmvabhResa 1y lor

[ Tanst or conputil Qb Lo £ aeee o vt ATy “UREE GG -co0l ant | s bl own

transfer conducitni Qo to trqaqij?ce crgs al 11 ni t)F/

air; and further FAterfaltySEodl ‘?1‘5;“?%%0 BedPmeinnsclags byecwawect i on

heat 1Pr ansf&e™ (Hiei Pobdcindrolrdedeta tne @xitersabst @nitelnoy af @En&inaAny

crystal | i zathqpentent. off heSaBRA_su@t had f%i‘neQEmM%)lae%%%Qeufékneq- movabl e
ans

. ! . . £
carrier ingjuding vect | heat transfer me or external cooling. In
accor dancgﬁwi th oﬁg&gsﬁgc%tp\égfjeﬁﬁer%ﬁeensr{éﬁf’ PRTRHtTBh Fefd iphenadidiclt us f or

forming a Ye-RGNELPTELBNS PFj BRYSEH holtgbesaet imtefaxmepri ses ‘a mol d havi ng
two nol d hadmwmdsankpedl can Whennseesr e tbaeenea quéaldo%ﬁdpngsi-ti on and a
a

nol dispen pesdden@Bat hadks ,f i B ' nolfen nateri into the nold while
t he mol d a(l_cvaeﬂszea e in the %Iedgé:f%;sée%glﬁggi %’?\6?1; lrﬁeefra?ﬁ NEoFeRRRAENGeE5 t he
mol ten material ir ?%ew%f\/wngdg‘f)a%“e S /EGNBYt itRs -noIAdChaiives tup the a

t enper at urRXespst Anvention, clkbeeme hied pyretakgh ass it RNSbbLEA {enperat ure of
the nol t emaiedegehal ssqudrrak el ted .ant | nechani cal |,y handl ed
out si de th@e‘ﬂ@ddo '{iﬁzglutresétég erliwn%r a‘r%\% ggo%rg%%’%%q)};g‘fép i%nc;°°r+é3ﬁs f or
20 o?eni ng the nold so t1Hat 'thé FHal vER 3 SpReddraphref £hdi st ance
suf f £8i entPRSFERE| WY ehtiPndednsprnal eavdingeks tdprze wivgdnésndetsw@an t he two
nol d havess me@dsng grirej echangenter ra dedsarpi & 83167 QAL I 4 d; means for

transferri htigl | e, carrier; sa carrier
BB AR, SR ot ALt ‘gé%frace}}%:lﬁﬁgg%’g'focr°°§c}8|f3i hg the nol ded

havi ng 25 ne sfor{@lrg:ongth _
articles 8 55?"”% NEORY L tIHRF ir§YPREtEEcad idoal bE néegtangnd neans f or
further irfieriivgrey ovldenghehprefdmiedthart cah ase Ry re@RYECE bWy dieahet I ansf er
unt i bs eaclporalidad of tind erepbeherally nkbe S0Ld '& ALLLCLE,, I § Substantial ly
free of any %%Stﬂéxtzaesdtﬁo gol[té on, particularly 1Tn-the no a gate area.
The same method’ can be i ipr efent e ST A§Yathoviasike féaifher W Bh conducti ve
heat trand &t eFEaheRadisgper afl theo diriesgnt Abnwsed ongr ehe, cédlanteigs
"take- of f qulraicedq tdwaker et boplad &r abfle" BH %&”EBQ&;L%Q_@J gge?s

: er

i nt er changeablaaithf 65135 1,4 NG $20FSLT UctUr &() efai IS of the
met hod and appar at us of tﬁe present imventton, as well as other obj ects and

advant ages at t ERd3FT A erBPEI ANt S Of thetpresenthdnveht bw ngheet ai | ed
descri pti gmn®vative 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 Tpltiple 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

6



WD 99150039 2 6 JA N 206 PCT/ US98/ 14972 and the acconpanyi ng drawi ngs in
which |like reference nunerals depict |ike elenments. BRI EF DES

Py
THE DRAW NGS qu% 1 is a graph showi ng the preform tenpercglt/bugggny?;z WQS
during and¥QrPP€P3% he injection step; Fig. 2 is a schemati e 'YEpresent ati on
of a preformin the nold; Figs. 3(a) and 3(b) show the tenperature gradient
across t heowabihs deviaennd deiddpref ot sncturtheg oabert | iy fat® bEgtha&dc shows t he
tenperaturg.pppfd ! e al ong the pref ormwalls. Fig. 4 is a sectional view
showing a prior art injection 5 is a sectional view show ng a
movabl e robot 418F iifcPOAFRGF aﬁ'ﬁ“bg’ﬁdmf)’?tar & HSPLPERRPrdEGtaENet dded in the
nol di ng aredebettwadmtehthast aidesnary lmande mowabbel i) dnepinat esqd #Frggs. 6(a) and

6(b) s@are sicde1yi @ eah oWt &ighaAan yesbodh sty Qbol Neg RS BRERl tANERtd Qe
- including ;2,L9Pot t ake- of f - pI ate (or end of armtool, EoAT) and a frane

hol di ng coolln%hpl ns; 20 Figs. 6(c) and 6(d) are front views of the

enbodi nent of ‘gsm“(?("a)'»l‘a?]&%’(lb)"g FPRECac &f the(rpessmwd nyertfqrame and

the cool ing phasemecdmdhngnd\o k& bichsévairhgdirerating dHee ppeesemd dmvention;

Fi gs. 8(a)m01d(=_9)axsﬂce%sse¥&n RUN aehangqcpﬁlnqe%hgﬂgr&% %ngwga L the
ustrate a nore

present invention;, Fig %a et ai vi ew of

t he Yool i AGEPFASS a’tfb(?r EPH‘@ t kt‘E‘\/\/L‘S’férﬂ.’i R 1RV ngf @ t e S5 £@Rt SOt i on;
Fi g. 10(a)thehewseniqr shofardm\diingher ps¢fddriszed mohdsi ast3@leheyarar e

gener at ed t'h@rBEf@ér aerntgaq%@%hlﬁt;gmeépé bj)nscilagwﬁh@ ﬂreeffo%”bw hddda
crystalllze esul ts ge met hod the present invention;

Figs. 11(& %L(tf} esfﬁg\ﬁ/taﬁb“ﬂ%tlangﬁﬂﬁd‘f “gontﬁ}ée fer’%Fﬁélﬁﬁda'é%ol ing pins
accordi ng ltnGth@f pradares nVAGRArgANg 360 Riye pr2sent alnwesttiional avi ew of a
systgn wheigaiifiahdl ceeliing stannel snaféaidokperabetHdttenpbeat®d hal ves;

Fi gs. 13(8(*) %Rg Sﬁéﬂ:)rmarlg ?éé{?cedl g\é@ngfh&rptt@gns?er thyl I’E%I‘]])tvegt_'lé he cooling

syst em of the resent. 1 nvent
such as by c1rculat1ng 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 moléén 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

2



2 6 J AN 2005 . WO 99/50039 PCT/US98/14972 Fig. 14 is a top view of an

i njection nolding system havi ng anot her enbodi nent of the c% ANyt%@@ﬁn of
the present invention; Fig. 15 is a sectional view of yet anot her

embodi ment Wb 9Fsae¥e cool i ng system of the present inventi BOT/H$BIMMY t he
mechani smfor cooling the interior of the nolded articles attached to the
t ake- of f - pkakenoid gndlérarhéﬁéitﬂl%e%héﬂ esoall RRDLLPL d dJ}eu%r QSQQ {vention

wherein a p Wth I|n nmeans i s use m)vec"the
nol ded pr e%grgﬁms éregmgg 5 Y\A' d’lhl © ?e%y G FhRI PR LS €§th%rc*2ihstruct| on

of an al t ePRAt|&ENEE8Fi ‘ﬁ‘@]“‘%ﬂ%llor*i' &ecoedegr ecrwisth1l heitr egerkby nuent i on;
FIGS. 18(aFoahaht{ b} blbustaiat;e arlae taopBéF Mﬁe@aa@iyy@éom\g REE nf?cht fgnative

cool i g pig tr'claé;cg dapgee W it p inyent | and 20 ¢
cillustrate, él‘l r E, _net hod slcn'o?ll%g(%o ?‘%’SQ{%" ung erl%‘rh &Plﬁleﬂr%‘ﬁdﬁﬁe FIG 21

i 11 ustrated>andiin ?Hy’r fzfrete SFs P8 Forstudiizag pertion.er Tbe samk t he :
exteri or ofelhgs é%a@r MB P Fr@nt22 uklingta ald@ble PEAHF i linsYS&HHY USi Ng the
sucki ng of capbdiitveahéat o edlred RESHO FBr WM ELG &34 lgUSt rates an
alternatlvefrﬁ %8%“0 with cooling pins on milti’pl e surfaces of
the frame. DET = &aeT?—Ep??\'f\/ oy f?’SeﬁéTteerﬁgtmN to the

dr awillgs, EPg.2PP3ratys gfpH SMdMEng dérecryeadialiliioed pf inleeftabm hergear at ur e
vs. tine dartigleandmpfisss tahadlaj ﬁﬁbi@cﬁl é‘a«tcﬁm\olﬁl Balved %hﬁcﬁcg SR C

r epr esent ahbesh @ e S.Jn nol d can be seen from
this figure oeltaegﬁ éq{ﬂdm@loged %51tl°tn Si“ga"l’l’?"]éjf PEEPeRPHIE 9B i cool i ng

n
t ubes 12 aﬂ%a’ls fﬁ5s???%?|te’d’9w"‘toﬁtﬁ“tﬁ@t?ﬁ)llad datpt Yhe Gnedd whinke noded cor e
portions 1Boiddpdeyesvars . inAsha mesdl cf:losee(mlp!o@gticsn effaskedof rammnayh si des

of the pretremoite F,ugé&er 1 3% $hHewR.y t he | d avrt plate 16
typically QQ? ash { RE 1oan 20 at whi ¢ hsg)af):otf%lrﬁ‘epé% &pe %yddorre 35
portion 22 0 pref or §“F8rﬁé%staﬂ¥éa6#éf%¥?ﬁ%é§eacnmﬂ@lﬁ ni sh

portion 139Wﬁ%ﬁr§6ﬁbﬂ?nastem>§ratuhe cif wald mahteh maa:edllfafu s8l ¢naltotggol to
prevent crystddd iaptiyle léhn b ﬁeé%h?@@ll\é)oh%%‘?@@?&nﬁ ﬁ?@l AR72 Figs.

3 d ature gradie across t a nol ded
p$212 a% dﬁﬁ?%\hﬁgggr?ﬁ&fﬁ%%’ %g o’v%dl]t Eié Péﬂi)‘é%%ﬁ'ufnéagﬁaﬁ‘?’ént i nsi de the

m)ld O\whi | 80 gét’ﬁ)m%%ﬂ)v&? tthéttémevcakmmelgeachmtspeuesr seartthe mol d. Fig.
3(c) showsdistanset enpeiciterte tpr ailibe alwngehiherof&foR-waLl s Hae
tenperaturﬂoﬁ&ihﬂ peRIESEHRS £0E ﬁgﬂP%ﬁﬂk%Qemanéqgnﬂ%ggcggngque gate
portion Ofméfgzdpggtfgigs 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 detajled description



Referring nowto Fig. 4, an injection nmold is prqvided which includes a
-stationary nold half or pl ate 32 having an 10 array of nol d c@v ﬂ&%and
a novabl ev{;@l»% Ngl f or plate 36 having an array of nol d pe@RGss? ‘A,

cavity plate 49%s in fluid communication with a manifol d pl ate (not shown)
that receives nolten material froman injection unit (not shown) of an

i nj ect i orfNYoICHR MRECTATFRINKHENT THAWHHIIS éavihids 13ker petdnancehpunsras t en

mat eri al ddpaexhoixd wireentozzl es (not shown), such as for exanple a val ve
gated nozzle (not shown), through nold cavity gates 40. The nold cavities
are each surrounded by cool | ng_neans 42 for cool ing the nolten material in
the cavity space fornmeddy SHBARAYHAGRD| d cavity 34 when 20
the nold pl at e3g321amja36raple wpvanlqoltdec;bmedmp@smpehﬁtuﬂéhesCOtoimeng means

- 42 age prafsngbhyg f;grgg@dtgg g,gjcgdﬂgmcg@glgel s enbedded within the nold plate
32 for conduc Lng a co usly discussed, the nol d cores

38 and the nofd%tavits 8 essgge‘f‘%"f]m |rﬁpfﬁge%?td1°€1 8led HoiXFoiMa M ural ity of
25 nol d dwdlidiy spaces (not shown) that are filled with nolten nateri al
through the nwigsgat@s 4@adarbngsrdie thej e@xﬁpmtsxtrepgraTcn%n@bdr@@g es 38 also

el ude nEANS 39T OF LALOA bICJTR LED ARIAId A LN the cavity space. The

cool i ng neans pr ef ‘erab nprise a co I|n {'dbe within each nold core.
Thel?ml d coreFig- p-'f‘étsé‘°3’6 DFtﬁ%‘f*quﬁéPﬁaeBrcafrﬂ@j @éerby Yleawselermhich is
used to rermwse the nol ded preforms 48 fromthe nold cores 38. The operation
of Lhe e] ect Ofpsgl a} & 46, Lecebhe Ko, LRop iy oY %oéri&r@% gegpopot form
part of the present P'hvention. fact e eje &L or ate 4 nay conprise
any sui t df'€ iej ector plate 35 knovvn in the art. Accordl ng to the current

i nvention, anyigel$ers gl asrité¢onaktalewosheeimriac montel¢ atorean be i nj ect ed

intgst he IMYIhaGAYi &Y SRRGE-aRf-€a9l eckonmt Od@vﬂ%sbﬁgge@rltd an% using the nold

syst em of aodi_nent _ of t gur ren vention, 11
VO 99/ 506&‘51‘%“8 3’/&% tgeo‘g’rf%bc%‘ﬁ%sb%@fé‘?éytﬁng FEAS BT o éF’QFE' PET and the
mol ded articl FiF§- a8 RlerSAmS (Rt corlisiget Bieve ﬁchoe'seman rﬂr@wﬂilmnﬁomever,
the nol dedlf atel pkesemn ialveathenaiprpiddnm seesbf tareeothglatae(snterial,
such as fgQly &agphecydf glé&ﬁ%ﬁé%n& eacyﬁla%q E Fa%dc%rahmgf %“ ate barrier 5

mat eri al such as for exa reformis
nol 48d by cl ofi*A§- tf’lé‘”mfl"(ﬂl Si(A) X% nfgf"tnl’ievh‘i‘)‘fsté?df ﬁﬁ?e‘?’l‘%ﬂdlﬂ“ﬁt’ ?he cavity
space, inFigsatiérig) cand ig@p)of the cavity space, filling the cavity space,
hol di ng the mzht;gn maaﬁu alml;lngséwsor@ﬁé%smep@rré QLA B0l {hd pRAL i n-nold
cool i ng, opening t je%gt(% lgethe S d| felsed articles 0r pr ef or s
from the Tores and ?rans & FRECT HEHT Ofc es oY ﬁr”éfb?Yr%m'tl@ 4 take- of f

pl ate. Accor difigst o8 {ke pr‘@éeﬁt“’ﬁ’ﬁmﬂqréﬁ cepl Grad@int @egithsce t he overal |
cycke ti nmccdﬁaﬂngeSDdﬂimepﬂels@atoimrzé‘r&wneform in the nold has to be 15

m ni mal so_t haygkhe, op) da,{has 538} lmdsoar%@ucs RAL R0 PIHI BB B[St as

pOSSIb|e The probl em reduced residence tine in I's that the
cool i ng t??t%hﬁ‘é’s ptlﬁsb%c‘?%}é‘@dmbﬁ‘l"’ i SPRodd Rent srfndhet PERSaYe nol ded
articles onverdbo;ns are solid enough to withstand all the subsequent

handl i ng step&wth@ws) Zh A grﬁﬁéf&m rév&ﬁeue@ﬁt%q%w@ 3dd®% hg 2
progl emat opti o icles g;‘ggre orns are not sufficiently

and>0ni f o lﬁ?)i/ 558098835%%1261 86??’6 R and 44. The anount of heat
retai ned by tRidar&P¢bk Hrovs af Brﬁf%ﬂ‘m avithebhgexystladdirediatmeshasnol d for a
reguged tidﬂ&@diﬂtgmdéﬂttﬁiey n&;:hea @b mﬁe@wgemeimhdl&sfvery Sihgni ficant
and depends on,.t ne artisle or pfefor Thi s

i nternal heat r}hg; E‘\gl(%)lc()t esjt%'(q %“gweneotriz‘gg %’Pbos({ Ein zgél porg}rons at the
sprue gaté“%r"éé’ldlngdahﬁs p%ﬁ"tqréﬁ“aft‘? hesprgeanarinvenéieri preform the neck
finiash porti orrigf. theistd detttdohal| eiew o30apsgétennwhereiheaigntire preform
I'n order EQoPIrﬁ;V%BBn}\Q?s Ca[ﬁ’e“ﬁ'cb&rﬁ@%é@éh Cl“ntB“@hMo‘i%thi%g e or preform a

very aggresswe coolln as to be d. During cooling, ,attention

must be paid S0-%s 96‘%&&%9%% Eﬁ?l‘?ﬂ%@lﬁﬁ"st% aﬁ‘BFB%ﬁ SHRAEPERE whi ch
can adver g€l yhaafdogdtinghsysten odl tBE pFesandi dngerition;

9



. nunber of holders 6

Fig. 5illustrates one enbodi nrent of a robot take-off plate 60 which be
used in the cooling nethod of the present invention: The ta@ﬁafJAN 2@%6
includes a plurality of hollow hol ders or receptacl es 62 which can be water
cooled 12 WP%/s@PAN 2005 WO 99/ 50039 PCT/ US98114972 t ubesPCTYIBAHN'2 t ake- of f .
pl ates which may be used for the takeoff plate 60 are shown in US Patent
No. 5,447,426 tragCessney £topl viants @nu&f@ééﬁﬁﬁmgi@ﬁ% NeeRE 33,237 to

Del fer, 11 h I C rated rence herein

oper at i on, Aqs q%te RIQ)E?%W e“ﬂko% ﬁﬁrbgloloft ggof ]rH}e/gr egr% ar}legr?é’ﬁsﬁ[‘th t he
mol d cor estPEBR%Phe ol d pl ate 36. Transfer of the nolded articles 48 to
the hol ders 62Fig.ef$ et ed seytoperiatiien of e RicRBEST efbai ieh®. ofcCOr ding

to the pr et’?t?é‘tco'o@\.{ﬁgtéﬁ'ben; ke T'.l%( sfenrt?I &h e QO%agthg Ry ylded with a

10 equal e nunber . of or a larger

number of HSTHEFE™65°% [RAP §‘gat?ﬁll’t’1tﬁlré°6f°f h‘é’%ﬂ‘ﬁﬁé?do‘?rwltﬁscor es, for
exanpl e t rte@ahedf barthe rreket-héf ridyer; of nold cores. By having nore

hol ders 62 tharrigheiouiheistebt60r 85 3Boakhehs atosc%'ebteeéeq{ %%m%gﬁm of

the nol d | | t hat
ner aby | nireatd BetBhdte BTERC AR RS i Blf ARRG e R biBput of ol ded

artit?es. mCRethsd dfdacherpfesehitHomvehei omlidiag beezarri ed out
i rrespective offiche1? el Hiusteabeshate @bnBeldedi i icChgSaT@h@HReJDY the

hol ders 6 r I fe d_20_ enbodi nrent of the invention,
t he robot Q‘toadl}eemgf Fbﬁ ﬁ%caoqﬁgnge R{llﬁznbékgo?r% ot der8Y %ﬁgm’ch repr esent

three times thd?® ﬁﬁnbe?(%?f angy 48) 3pLlvphrataekhe qomstredeiamied- okt plate 60
does not anwtyercalfgreatmivebenodf nprahok ABa&tormindedwath itlLprequat to the
nunbeg of i}g}éjﬂ;rlgn(ﬂ Thi s also neans that a single batch 25 of preforns

can be noved bq,ci oy “téag ﬁ: into the nold area between the nold core
and cavity plates fo pitK g8 dthEt BAECREECHIAGFoMGERO3F 5 €9°LMATI e bei ng
cool ed by $ht iimdeEiepmfacy Pbefaeen the hol | ow tubes 64 within the take-off

pl ate, which twes b2 mrtrsycratsgoéﬂmetl AHL & SHGh st MRt &S, RABdihhe 30

external wgld Qtft }?8 p%e; n detail in the aforéenentioned
US Pat ent No. 3477 %ﬁgsﬁea?rsltransfer f‘tﬁé‘en the tubes 64 and the hot

mol &Y articl e§“ Fe| %%sJeldlursrtSﬁF?ﬁea RILQT ] srbewmnedstmwgmscohuuqu on.
Mor e part icfulamblignt amir ol icdholras grdeglormacaxgor ati ng any cool i ng means can

be used 35 and Fliaougiltlnmserhe&é@t%ﬁQQf.QEIv ' Anb N SHLAI QLWL Ly OF the
nol ded artlcles t 0. cool hﬂ”gﬁéﬁ % artic using a c0011 ng SysS

based on He&at ¥PaRsPeron oitdécrsncf nﬁ}eeﬁé'ﬁt“éd t hrough an |nt| mate
cont act bet ween the nolded article or preformand the cooling neans, the

shape of the 13 2 6 JPdhPOOH DWECRPPHANBI rPETE USREAE48K2 article or

prefoemis mai oy rat.l ons Qr scratches used by handli ng.
| f desired, thge?%gggn |'{/°2“Pg%o]q§£ O{rawmgs P (\ioflédal?tratﬁest‘akex%ff pl ate

can be reﬁt‘}f‘c€d'° Y LoR ffn dEeLoEn h‘é‘ﬁ‘tpesaf—\déﬁs‘f%r timangur iy agdi abbee
connect i vecHredinjertied estepeanBigknevisi 8 sBRerti cR¥pPEs el iwht Br the
take of | WlRuf0uhoiolfeal CROUDGAL, | e 4 PHOLoSHT1AGPRAGL e ol ded

articles otrqpreforms carried taeo
re, cooling while in the mold is typlcally 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 fegion 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



Referring now to Figs. 6(a) and 6(b), an additional 10 coolin éj C Zé‘) S
.used in conjunction with the robot takeoff plate 60 to enhancg hé ﬁ OJ
post-nold cooling efficiency by allow ng sinultaneous cooli of the
interior amaowsed¥®rior surfaces of the nolded articles orf r"ésg HE by
connective heat transfer and thus reduce the cycle tine and i nprove the

quality 15 of F&ije P @hoera. 3 (he o tthenaémmﬂu% geya&aﬂ(ackegéudes an
array of q\ongg %ollrllge Ian %@ 0s |1sntogellv(ra lc\oollngflwd
i nsi de the nofded artlcles eli)de T e tla% NiRi S at €%0.> P4 §°BYeferred
enmbodi rrerﬁheoﬁef‘ﬁ%rﬁzfr‘é'%ﬁfaflh%@ﬁtVtﬁ“}det I"iéecwq nghilai Bigs 3nf(§’§t Fhok r ect ed
and del i vereedetpesture 2Radneot tdeddee thepicr .gatre). po(d) Ghorkd ofiet he

mol ded aréémgle@aeﬁr@rp%fo%% WL £ nq&rtplr%@omswéﬂ% h' Qngs{Ee,ﬁJL%@%ﬁ rLo become

. crystalline due to the reduction o he cool Irﬁg The
cool i ng f§RI*E F%p’f‘?ﬁel“&&uééﬁ E%m%%rattd‘rc?r &gt %y %BFa‘FPW%\Haﬁ&tter n.
Accor di ng?qrdclpheO@riﬁsaemrelfnventl on, the 25 cooling fluid could be any

appropriate caekmtmgsu&k» as o4, %aml Gin«’yleé&ﬂm %o% ﬁs%%nheda preferred
enbodi msdj %hghp Ssent_ ipyenti on, hg 99 d% LuLd i s pr essurized air
del i vered at roug 2 CcRaRner "0 I"5¢&t 83 T ndi atﬁe %o‘b"’f‘f’ﬁ‘& Bf'n 74. This
aspétt ofartrﬁé Bf et qarY\}éh?Foﬁ“|%“dsﬁomvﬁhl¢1mcdd303éiét@rIphaﬁeFBg 9(a).

Fi g. 9(a)hdvilngstrn aisaya ofoBblageq@ias B4 .i nTﬁ@Cxﬂﬂdﬁl&@aelv\yt;knatdée 3pre§ent

i nventi orarpqsimaogmmwcfyt ﬁomo U MR £ HF& gﬁdat%f mnst %hg%m \pg, cool ed. In

order to create an optinmum f t he coo I|ng pin 74 is
i nt r oduceF G i M I8 CR&2 br BF Bt rﬁ”48“§6c*ﬂPd’t ”t"Hé E0Rt aheveanof each t he
done or sPpTe@igatopordlidimg2facire. t iThe thbbd ,cadvieiesobd ngpqdiiRe7dha@ct s as

an aedi tlmaalencagumlcqrr%m fbe MéﬂqguogEileg‘l(rﬁ:Jtngg?n% g:)%ﬂ hegs gfetn[‘eal
|

creation tof an_an uI ar 1 gg éern whi ch

t han ot het®"c§3F TRy f1 oW atf" RS "NES 69‘”145“0"’2’)6 E%\RP‘Q‘J‘DGSH 99I 50039
PCT/ U 898?31'49729%?%194({ heThéveplétﬂﬁIWlﬁgesl arg eadrheurnewrdeng byl own cold air
and out cofbdlg nyaneasd r4 Arercespl B¢l thes apat st athtardat hiss @{ee\eeosé)ém xi ng of

t he two. é&?a h%pm‘%fp gé)rg,_fhog(“g)d & de cQoli, ?gtkpl n 74 :‘:Zr osSit) ORFH

centrally wwthin t rm.or no icle," at the
centfal a%% ™38 Bf2%efe 3208PAnge e 24 |asm81¢ g?ﬂétfeﬂi Phsxwe?"oenﬁ‘hal axis 222
of the predfaimy Asaman hersepnefexaphhitorhbguse,cdlengutpdnnsakl 224 of the

cool i Ng pPigbebfiel N fth HPRGe HEYL 05 R C h [ vvaII 226 of
the pref orm X yea 10 lstan&gﬂ&f?ﬁdﬁl%nzp? 8&%}%&% Igtégry(}?zl e 92 of the

cool i ng pi1'i7s &S BT Hiter t\R/ﬁl%{ oD FFest ik WhdPFolPPTdn 22 by
a di stanceaitipa ¥t dfe?r“t drcitbat Boldecldserr pds Bl ar pLhowl igat érn of

coobs ng fhaliad cavlity Sspaferined shawnt Reakahi o pill@dow&vwalh;ien the range of
about %4&&99“&&?3# thte ln 13' Oc 2 4fd QUH et%' rafqueﬁ%ttz;fz‘cfat sifg, outl et

nozzle 92 of the co rmed by a et gen SCOoRst ruct i on.
Wile it The ﬁPéfie??fe%Ft aééOala?ngmanﬁoﬂl%mf (9°°t1hégo“thel @elyen it js

possi bl e natdrdem {hettoutdaeti t92spacen a THer abghing\aldafd PzZFtFeca@Bsy r uct i on.
20 Becausgqking @a&,}?ﬂg dags deapid Maldenbile AL RLOT M 2N feRgyes 11ke a

cooling e as V\ﬁ € pattern outcom ng warm ai r reely escapes
frofPthe %iaé‘feor:% WEERGT dMTPERS st ) SaRRT | 61%t$r4éf ¥pigh tomsefut®ion for
t he cool ippienthasn@Eidseareshoms 48 o tBéajoldazorheowns i n Thegs. 8(a)

through 8ghratidnass i et;fé@teeobwge p’d]S.s?QefﬁrkMYIe11\‘{aéllxé)lt§:l§5fzes and
shapes to, cly %vgovarl us coollng e; cts. For e, as shown in Fig.

8(a), the lower LfI9 of PRhe %o né’rﬁfﬁnﬂa’j"%‘gﬁyﬁ di Zhe&fEF' D, which

is differet eies Hiéqurearﬁ?t 8RYDCORPr e 30Yuppitakier eienteP pdatehe pin. As

shows in kndgm 18(al)etéﬂfﬁ).ugh 8(c), the upper portion UP of the pins may have

different shap r t 8( he cooI in in_ 74 . .may have
%‘E’gﬁg{?&f %:! Quﬁ-gnt n e’IntE. ?ﬁ{’g Syi')]dastlc

| ateral outlets ar I ng C00 "t 1 e wal'l s of the
nol ded ar’i‘?fale%E?’éa%#%/s!‘taélerrulﬁultyaW ld'deaﬁed Antzs thpowpld warigy 8(e),
the cool i sgaqe Aand4ccoled ireeahaksiadd gradees Bdiric thbt AbNa Hyetleal i zed
cool i ng eff alss. 4Si nﬂ.aarlaeéf@r'%ba efbddind 8f Wne IS ERP! | {8 74 could
have a plurality of ribs 86 spaced about 1ts periphery or p urarlty of

contact elenents 88. 15 11



2 6 JAN 2_G-?5 WD 99150039 PC T/ US98/ 14972 Figs. 18a and 18b illustrate a

cooling pin 74 having a plurality of radial conduits 230 fo el ) i o
cool ant on areas of the preformother than the done porti onzgzj Js%i\ﬁ% he

neck fini shYWb¥PBHh or the body portion. The radi al conduiRCIUS99B92may be
spaced along the length of the cooling pin so as to direct cool ant agai nst
parti (t;i.ﬂ ar taféaat‘bllﬁén anaﬂ'l’&fi_ellnlésp}z'l;{;%dci@ﬁéi ﬁ&lé&%&%&‘ic?énﬂ% {H}%ﬁ-‘f’i’ om ané
suitably t ; t r, t hermal. i nsul ati material. T esired,
as shown inr}ch{gg%l.dlf{%?Q?ﬁéeﬁcg\é%%ﬁt Jinnvar%%lﬁéyh%‘éevﬁde\éﬁﬁ oD F&iGde

materi al 232G L1EAPe RIATELEREI "edpldnmoranten smeeadtenial veruehuasf or m
manner on dreasxekp ke priglgdnnPaT heredytardt DET GOHE a0 abpr & Sl ARt bPN 22.

In a pyef erffd 4abogidenl @byt DL I _SeRhyi nvention, the design of the
. cooling pin 74 is intended.to _concentrate maxi num 15 cooling at the sprue

gate or dome poftibth FLYEf HPhE fotided 2aPFREPE 45 BRAJER URY HRsdosi they
focus the dWdld/ngnIechkiha theowbltdn srategiah. intd tthiescwayty nepaded articl es
such as prefmitmatiigaeafliogystathd 206 i3peasadd, (e 15RE UL IR 1L, dore
portion 22 Scfggebehg,%{mﬂthéom%tgrl‘ ternati xeg n construction wth a cold
air bl owi ng syst em whi ch can'be used 1 the" C})eprarpéteﬁ?’é?' tRFF forad pat
i nvertd on i3l 4BTPREFOPAIRFg. OBRTHNY MBe sholdh tefiectimg the pin 74 has a
cold air blsoiidgftédredici@shayimee rrmeUEteh S ekedi 5@@41@15?@;9%?@
agai nst t hg{t,ekt f the 2 I d rticle 48, preferably the
done or spr He tagt‘:; égf%srs,ﬁroggggég#t earrgf'ggdo tgt(rjtpﬁé}ts.' The %‘ffg’r’r’ﬁéln‘395°
comuni cat e SWPERSE S dUVEB PN c ot Hider( hot redinanthei avertrell miyeie94. The
cool i ng pi rtifg,| sh¢ uredigienpeovitec Mithle Ar&BstiMnCRABNED1 PGSOk of gEOVI NQ
t he cool i NGnidikalir &N die kRLeh I rficle 48. The vacuum
Loy of atb_lig o o%u%g %agches( nodft8 pé:ﬁg%x)\s AS

channel 96 connect, to any desired vacuum source
can be seer?%?)r%ag??ga.‘s éa(qns)s,l%gﬁe c@b%/iﬁﬁfbﬁfaﬂ wyth @ wEdHERed wiEislepeet tihe of a

frame 98 byTsIthgi heldads thed, thkiedrldng tismel Har tpi hesedduadd,gpenin and a
f?steni ngorasma:rms\Mal aﬁmhub &S that &Qa.maﬁm%dnugt%@feél%'} BeeBEGH ﬁaﬂ—e?’éo&?dtpe

el ement 104 M ; erior threaded portion.(not shown) . Referring
now to Figs. Gbgna %t?%écgé%r%/f)o%hec&‘)’ P u%ﬁé’a?gli{lgg nite ¢ 15RPBt a

cool ity fr&fEo8Bath AareBEceddeoadfing timhtiseiaghrontemtial optichnas

al umi num Ascendenthd @rtthelds or Qe tbris N2t VOu88! SA0RY PEREUSIS/ 14972
present i nygnlebemy tdiieaobin r I8 ; be .operated in either a
vertical or athorgéont al pogi tgl?%)n,. ! ﬁggolﬁ%}ésaéezs?n?h%aff ramse §8°P8 nRYabl e
towar ds t he Faké® 1951 &YetB IREIFenaTt BRREJTT aftar eosina ewolesd its final
out of nol dNF38pt Hh moAdy £5r sai tehicedntans dmbvimmeaidhelardreeey be used to
nove 2she fropenild o am1toidadVanE&iighidicantiaR RS Rak the cooling
pins 74 capplexi ' LY ] uced.inside the nolded article, In a
pref erred enbogrgnﬁ?dfg%%?hgbgééegganﬁ%Llcr%\‘?e?ffi%ﬁe,t%trﬁe f Pt *98er82 kol @RF usi ng
hydraul i ¢ i fBerRetEI¢iaActraetryate Ergstallized 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 holdérs or receptacles 62 which can be water cooled

12



| 0 present invention, the nunber of cooling pins 74 can be ess
than the nunber of receptacles 62 in the take-off plate 60. ?E&mﬁf@ﬁi

t he present i nvention, the take-off plate 60 is provi ded %/F‘g%ns for

hol di ng t R¥OS¥I8I articles or preforms 4s within the rece& UWRE 62 such
as 15 suction neans (not shown), and with nmeans for ejecting the preforns
fromthe takes.of Typliase.takkeoliol diageareanshandly (e weactbpneHeanakerny be

those di Sskpsgeﬂttensther@wo%emtl@@%éé%tP%er% 4\40; 4564{43 é@&n\w ¢ has
been |ncorgorat ed b enc 6(d), the

cool i ng ffanes ?0 Sos\}’ledga W“f H"Qa %%u?éttﬂ/ K D§g£‘éﬁs 113112 PPEB spaces
112 all ompflwmlqhyaceohetprmﬂrééédabr|mf@§eopepln€e1f@mrs épeepexktficam t he

]Eakesot;]f ’@i\é’-tlﬂnﬁ@ be bepﬂ?epp.egl Qﬂtlﬂaﬁie(i@,n%@%’%%]a]gﬂgfnga Lianshertati onhavvay
.fromthe s erre oal nt t IOI’I t he
Xf 39‘ e.the mﬁ 81‘?% %ge Iig_'lﬁieet%h

fully cool'® pre orms are op e onto cor?vey rough t he
spaces 112rbjclest éPaFPyt%lthtlﬁﬁﬁstﬁé Fosfitagtpd ey Aperatien af tthet he
recept acl eseéorhelidiagsé he pacekaing tdhathehavesdémx havveneebed dHeom t he

t ake-of f - Qgﬁteofﬁzopllbtseé scatnh%ecaiievw WilBf. gqggtg& LEafBrdsd R

hori_zont al 05| en the co frame is In avertlc% p05|t|on
it dfes n8% ?htté’r 38%“%“?% torfemﬁggf‘c 1 dPofped RF9Ke NEBREE dff - pl at e.
Ref er ri nghpb®ens 6Ri gach7d=)a andtipbg, ofa thier stmber ayf obldoobrew), [Fioms 74 is

i |l ustrat gdampe GRRebEoS QY mlEleg tHé h%umbbbeofsqpéldmopbgs gy each have
cooling air, Pass%ge \éfdgo vg} c_ 35 conmmuni catg a_source of cooling

air (not SRSWH assAgevay) 122 "YREdr Por Atk ed" Pht o't e passageway
122 are apﬁﬁﬁb‘elr GP aPFavalafe@ P24thpinhidednabeicisedoroareing ate the fl ow

of amol i ngoayér dnatt hi single meadiabl eyarDuntstRér &90linegeats Gan be

suppl i ed fcggtib,% GaQlei NA; Pd r]r§a1Zf£a|J_.;\an7% Qahobh 800 R ?8 30039

PC?/ US98/ 1 err| ng now t al so OSSible to directly
provi de e3ERIEHHY i nd pi heVZPCtM"tfhtQFrp’f?%ﬁﬂ%l%ﬁ'ﬁE’é’rbf‘:a@oBPlTﬂ@“f’tet‘i’l d (not
shown) vi aua Srrgspecpassagevye 126at Ste [Hunbekt bernolagdshewncias Fig. 7(d),

if desi reéetsheecp&sysagewlée?z@ %zcouwelb&eqegeeq#@l:rteopfraeeéltéa d conduit
l e conduit (128. According to

120 3 n each % et[ %0% 'E flexib

one EnbodFRBR e pres nt I 7 t he
2ok o8 hEERE ERSFTHS BRSSP dtTer

pref orns F‘ét“h?he‘df the leREs t @k eddich pPateseaot ithree f eismest &ps, namkkratofeach step

t he prefokcsBet h:aet amaiiOnemdidathaat tHef fotanilert hBGe AL dabsdhdd er ent

LpoPer 2t oadfayt hdeh hOnO P TEeEE O Abhals 45&%@ eR @ d0 avoid

t he waste o during C00 orm; are
very hot &hH& ’E“Pl‘ll}%era %?Phﬁ%%rﬁ?unt TB#Sc%b‘iq Agaaf rthat d*elsllvé %oPatﬁth he pins.
I n t3e seodndrefwinsheasubsetpiardShaskepsre thahhenasifito aheCoold rgeai r

directed kpgti,Ben Pines me@gaabng atrhectak/té mt@edtarﬁiat% benepbstantial ly

| ess than the am)ty*ltmog %c t tovvar F‘ é nPcﬂ and. hotter preforns.

In order 8°FUFT e ILEIHE t ‘fyebperlé’ge go-l¢f &Yknt}ﬁnm%‘tﬁtabl e

t enper aturC@n§en§d?e§W€§nchhashca1Weltﬁbe%) gdthéantie t2Genoéll plntmeasure t he
np U

t enper at udieh tieegeafl eanby hefwioa iagdl adiier saenl 4ag.ddeem saa thad

ad ad usy nen@tgtnémaqqol ;fgghé B DG bssdémn 1t,h8&1e'dttt%r Sty ﬁgathe

g cycle. In rre t her noco es
connect ed athr%%t’c%tﬂdl H§ Ei)‘?ﬁrttolN%éné“'('rﬁ?t‘S sh"é\?\ﬁ)h%?rte trgeaf®d in t he
t ake- of f plesiveeHOtRS tatheacentand thachoprmdlored aByidaDss tr@:melged hierom

t enper at urt%eottoeélch eeffetmd SHPRRH eétml%ncanmaee Eghépfy amount  of
cool i ng alr del f the Coo i ng pins

g%f g 1 cooli BIHS sone 0

T sy spbif margenali End i BRCTIY FoDAARG  ReANR: RaR BF uee

non-imi fo@imdt brofghthd ndondutinate coothay Bthnthrsekoemicad wahlt ¢ ttheke- of f
pl ate. Refneuabagamxwee Eb9Seo il Qi) mamdeé%b)lclEgg w(@hn hgws a preform

48, in sectl d.b p [ shomn therein, the
preform 48 QQRJH %//)le crys afg’ |%Ie*ae%e:aéklgn OI{JI‘t% OP?%r%orﬂd C5A8E i ncl udi ng the
dome portlwlzmeﬁ?ﬁﬁ tHhE ongR kaB5LIFdmatencomtactpgtveer hheomod Aied ot her hand
shows a praaftaemedd; prersent and tHewoowhhg mdws bera swapd agt yhed using the
system of the present invention. As shown therein, there are no areas of

crystallinity. 13



18 2 6 J AN 2Q05 WD 99/50039 PC T/US98/ 14972 Anot her enpodi ment of the
present invention is shown in Figs. 11(a) through 11(1) e JAN 2005 of f
plate 60" is always naintained in a vertical position during the entire
nmol di ng cycwesysmiss el i m nates a conplicated notor and nmakesuUDsi4971 | ght er
and thus faster to nove in and out of the nold space forned between the

ol d hal vesre{ci®ld phatesn 3% %EQH§§1nJQQMCﬁﬁgdtnge%éfﬂgif%%s ysed in this

system has ap 1g_acdndlst |Cglr}gldfun ti %n and an addi tional movement. First of all,
t he pins 737" Use cd8P the nolded articles or preforns and 10
sucking air to Tefxtdreééfegheth?olcd’ééuaﬁtw%l%Csolamgpmeﬁm et fempiapyéd trake- of f
plate 60' . tRhetgrechbarnplate dehekdroplidés piyIs édnvd thenygeuum and

renoved fr 62' I of.f. 60' during a back
. novenent . '?’E%E{%Orlt %Qgﬁsr an‘fs‘e'W %ﬁlggéh‘]g %%\l'}gerﬁstltvgt ge%%) TEAER ANt Ve back

fromthe t5REVHARN fggp?ﬁ’f &30 beaHaeflu‘f”t%rt”f?aéiaﬁer@ffatnl@r‘wt 60rove from a
vertical teffettorcopdnnal opddie ieahepanal $ 1@t fdcsao€ OMVE W1 abddart =12kl ow t he

preforns terbsr&jceakedatF AR e tanﬁa)Zé-onyéﬁ%gg%S'?nt [‘ﬁevgﬂ‘ug‘anAggoLg'egg

to the present j r}vg_ntmonhow %8% nmean
to rotate the cooling Tra 195 WPt (1 SiRe, 72 addd&dparhg to a
pr ef &Pr ed @%bmfhéﬁt/l@? Thels meedt i oncempwrtiionFivish thi( apbbhroigh 11(1), a
stati onaryotamnplbi® k5 tsethramhca VﬁéYp&étE%lcﬁd”%%Bhﬁ& ecf(}ri}é%ﬁc rkggl d by th
y the

transl atio B tatlo or s
cool i ng frg%rgé%la{%eg%g A&é'% %t°8 én%onge}o lf?ﬁrm%sa“é’hﬁﬁﬁeﬂf”?S Fi g.

11(h)) t heS®bH98Fg°phi h Ee TTZPldt%En aghyages t9e predbonssbbcongeutiivamdatenove
them from thendfaire aofif tiplaatreedti@e. thextydhe fimel @rasi i@ vdr eRPeghArie t he

pi NS 184" 0B Orre GRRYEYRE . 'l}tp,ee ggg of  t.he |nnovat| ve, cool g appar at us
of the present |% gtlon can Egyéérg%]loo Fromh B gce éPal ‘fo‘Acﬁfgﬁ“SO 6(d).

After the Fh-tolS 8??%&%?&8&%5%\1’!?% 1% whieset é?llaf?j igp teode hivegoiant wher e
the articl@ebimgpfénddninyickecitha voldel faaidles BéRd Us that tausgat s their

def or mat i oplatdeonol dni s éﬁgﬁ@%geangmg$ﬁﬁﬂéﬂ%e ?f£héné¥é§ ?g 5§vén{ g into the

nol di ng ar o | ate 36 and cavity pfate 35
32. ke?at.%%&gqngﬁt%?’t%&nmf ﬁn‘?ﬁr%c'creéi aRd dotiversdi }/r%/i-"lttd-g’eg may be

per f 6Pmed FRtafPendARer (Saran giaﬁet heowrl torugizngf atlye susiltiabl artiedes of not
shown) knoprefiarnt,hehach .pofttien hhe tekeriffesk! ah£nd0 vepehss. t he out of the

nmol d positg 111808l d S en t he .nol ded articles for
19 2 6 JA talg \’7\08‘@% E%O%SQ E#Ygg 'izi’%a %?‘808??% Sé}fl%c’r'hlﬁ”g? in the
done area 2 Bencarting élBPdpf‘%fb"r“fﬁ"‘WﬁeFies?h@tta?kere@f—e mrate 60 has
been descrametlays fhavi PRfteater scobedimpans ther peasuhitctihoanenal,i kgeof the

ext epbor Scasliacesuod d¢da el 9hfsa JJBﬂatthchS’iﬂ?Jssﬁgh é%‘efro?- are times
when one woul wagt 4 ]g(g pcpt start < €00 i ng he ext eri or surfacés when the

preforms are first hPR%t he '?a?é’réalffrﬁ?%teé"b"%mf’ﬁ? Llef#e means may
be provi de%l""fst’r’“t’}oﬁf‘Y%’Pt’éﬁbl M’i@ @Pehing tharidake- pfdsgirakedsair hat such
cool i ng dodsliveiredt attthrough 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. 1In order to create an optimum flow of
the coollng agent the cooling pin 74 is introduced deep inside

35 the preform 48 so that the coolant 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
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10 until after internal cooling of the prefornms has begun gnd/or finished.
.For exanpl e, suitable valve neans (not shown) may be mcorﬂ a_tJAcN ij%the
take-of f plate to prevent flow of a cooling fluid until q% 4164 point in
time. In QRS internal and external cooling of the preform nmay be
preformed 15 simultaneously, at |east partially sinmultaneously, or

sequenti Q[lsllylg the.nclB1i LbdisinAlpdas anpt ties ienrdadhgeintowhenadina ér talde- of f
plate 60", | i I e I v @gormsfrom
Phe. mol disy e R B e . B e B e P fer o 62
suf fici er’i‘tlxllﬁgn%ﬁ’rtfé‘re tt8°accorrrmdat e either a single batch or nultiple

bat ches of praéossin TheFpy eforais &he rethingediby?4atuwesisansed not shown)

thatg t herrgbsy qpiecwmg%h@%m @9 ﬁbﬁdesprawlga&e ﬁemmlpogal on 22 of
t he preforms forms re al ﬁo retfu ned . y7£ hgl.ders 25,62" which

can have SRy a%gl?eéﬁt%énf‘?‘ Yardid &F tR&: S0 5% PeRe’ brit S ngnfao Be i rect I y
cool ed udiheg cantool |€ﬂ\’gsga%2 a@f thFh@rképoer s 62'cagr ke p?%ﬁfbrféiﬁlnyt%ﬁff enough
to retai reitgieepr ei@rdkeanda have paitf @hat tOSSing pahhes npeni ngser42 and 244
where thedigldens do Hakchayrop r%ed'lrnﬁg; GON a0k Wetind NEdpcehopysa BY SO
havi ng t hese Ki nd_© ders % a onl artial 35 cover the outer” surface of
t heldr ef djrlrFsta“Fﬁerre’*fd(S‘rlﬁ'éoﬁ%lhlbe %PH loh nazgile 8atet f £R0LEMI whil e
t hey are widdi74i dnaspacecodked tint eirmelr yaby 238 O(fo(ohen@)oxpn rerEdon| 22 t hi s

case, 1heq,£Qoly;agast&R .CORRN bSES, tébe ctrteaeéf@re Qfest Pea PL & rars fflE:@m the nol d
to 35 the take-off Iat -off_.pla

e
out si de t‘?f‘ettr?ﬁ'lndi’ﬁg céﬁle‘é‘g ?6“%‘%19 ’ctodﬁ ﬁéeg?’é’ée%ﬁ%éﬁi Fge a’iﬁtalc?eﬁ% ?he nol di ng
area. At beevicbohi vle aree@e thealprwf driris t48akeut 19t ér naltyls’c@dlsed usi ng the
frapg 98 @f%ltyhaegppémrég tlalaBStﬂél édtatetembem@tezl @astnpagddildgy piinsi de the
pr ef or ns. bAt th% S? ver t no zle TQfSHV\F) 991, 50039wECﬂ[L{ S%t;/ 14972 ti ne,
t he preform; A8°F et necf gfﬂ 3Fale 60" have T hei r exterior
surf aces I@Cﬁﬁﬁtrﬂeﬁvé?y“%él édvgygamt e{mﬁztlleoﬁ% Holonkdest 2R i dif 250 t hat
bl ows a cesdsintlef bai todrowaedsut het preffaom hosderisthtAsashedvmdzzlEi g. 16, the
addi ti ona+orp£(9]uc@go§ station 250 has a plurality of nozzles 252, 254, and
256 for blowng coolant toward the outer surfaces of the refor . The
noz3Pes 252, FEFAUSACIHETG BRP cobI I ﬂeﬁpdl?ffﬁdcﬁj&ﬁem}’ﬁﬁg in the
t ake- of f lpélaa\eesGQikan@l arlonpheoveit®F wilf atke aiattthae'nppéf@ﬂfmmma W ndows
or openi ngsr?4d raRfa 4 ddlyt B&cRpEE OF FBml RHBOLASF Srm TAE BAZZAMRA 252, 254 and
256 bl ow cooling fluid through openings 242 and 244 in the preform hol ders
62" and ofit®Pihe outer surface of the prefornms. \Wile the additional
cool i ng st at i dfhidBoahasefrzareds KeNAt BRCHERN AgF nEhe 19 lipg BHdINATg two
pr eh@r ns, béén dhaiwind i herigcagni)zedst adwr Nnnacigal idga)lohrbegitalg)ng station
250 may hi"/ afi ﬁanzhgoggaﬁ%?aglnge@i@dcgrﬁhggelvémﬁugeaeguax@ces of any

desired nunb or s he use of ditional cool &ng station 250

al | ows th&h ?)P%Sf &Om?c%e‘(% B 19VRUFPRhEL AN eEbDt ed 9EFARPAR But usi ng
cool i ng nmehoen titatFigr es {adepeveddnvef rportive LBket dife gogd éng@in MGYThi s

approach fgkes, tdl%mteegﬁ &f fdhm:ﬁ-t?s Qﬁff\éeéutlfrgm thEeBYalﬂéifér §§¢fea&y to
service. |If desir or m.hol d 2" ip solely
r o hEPREERALERONE Thitd BADr ngh TAVE OPoREda ndddrf BF

bl own
cool i ng fBUEY, t@ecwberheomcm UBorfi bipe afinshmapravs rﬁiﬁ-ffzse%cor ding to
anot her eghegedEntredbrtify it &lyi.0B(af herHalkeodihg p;ha{ e4rm\yynm}e1de

ext er nal gogeﬁ?gr ﬁa.[ré%s ?i ng bl(_ﬁvmg §1'§‘5 a”@éo'l?ﬁé il oﬁQQléﬂﬂe neans. In

bot h case coo i S ac cool 1ng net hod and
appar at us vaf 1§ het mh@sé‘ﬁﬂd?%@?ﬂllcdﬁ WBBNFH%WSM&%N% magoPPAYF methfod and
appasat us sabwhhen [iesesie) nvigid icodlang ek ramebyldanefd diedlichdr cool i ng
preforns : O?Qs I'dy h:'ongEQW\ t@ﬁérﬂ%lqglegscoéltln'gs e‘ﬂ@é&té<n0\§1m§.h§i'l§ hﬁ]

tenperatu ten resin fl il aI‘IESﬂ

subst ant i &iBy Fb‘?) é"\?argl(ghs Hte 158 6H§ Ph’él ﬁ’B d(%3ves§ RAHED ﬁ%rm

heati ng ofoft kébhos6 rapaced abent it P(?—b)-plﬂ@rm enpbirpoihydafyceadagts i nsi de
the mani f Qhdpenp®ldg channels; (c). non-uniformnold cavity cooling;, and (d)
insufficient cooling at the nold gate area. One consequence of the
tenperature variations across the nold,is that the cooling time has to be
21



2 6 JAN 2D05 WD 99150039 PCT/ US98114972 adjusted at the local level so that
the hottest preforns are cool ed before any crystalitnity oczgjsJAlN t?ﬁ}fﬂj
final preforms. In order to prevent formation of crystallized zones, the
cool i ng syswemy¥p3st he present invention is able to provi deCTAURSMHNT er ent
cooling pattern that can be tuned according to the tenperature signature of

each nol d. Sensgys. iMRat hgat ke sahfusRbate SO-&AN e P OV qlea@ikg fegulate the

anount of i from each cooli.n n /4. qt het consequéencCe of the
non- uni foPrEnS?Leirrp ré’tfﬁfggf?lgi%n uﬁé;%ng%’a E%rt‘ﬁgtlvﬁﬁl%s‘fp%léé‘ésq‘he gate 10

sprue ar e8TPdtftfedhén PrRECHD MLheactthen PiRe oforeh@optédrars susht ae tiof t est
parlt Sf.thecmfﬂfﬁdsm:pefroﬁm &Beanies ol fosPidie g@ﬁe p&g]i,ahor&ohauﬂ@mlrl o
coo i n,the i.Qn, ces.gre that.this portion w e

_ hi ghﬁy cr ZgPaﬁ?n% %fpg?%g ?g&rﬁ;)ltgl%cégiqggﬁ ?f'sa&thgocFSEb"%rp’i"f SRo?add ti onal
cool i ng i §YI8CHrRAGEG BB EP3e RS IFHLAr AT Gifng Prefdmm gBesent

i nvention, theTooddalgnpi psng 4 blcani by sadel @ion aAgi seitdypr ef orm

| medi at ekyeaf AGLRHHonkleE SPE US: Gn@l 88 | FsPRVE! noperali onyphat prevents
in avery g‘;f'&i ent, ré%ngrelrithFe. fqormatjioh o ,cryst'al1"| zed areas-in the
preform  90°The i fovari Vel a9 g nEPRoTP X% BEar Af URaYbPet Rader esent

i nvélti onfTaPR AIRF PEndRrEeT Al 252 sonpbasaaddigiborlt teolzonl cag beaef fici ency

of the takpreid il at @erltunBfoiappenethah Last @t hepidRsh 8ehesoNt act
bet ween th d_artj d the, . cooljng tube, the tenperature of the
nol ded artﬁg{%‘?ﬁlﬁg@%yo&é%%%&;_ %fftb?'étéez'rray vary across the plate.
According to tH: HpPESERETeHVAMAdGMmenthet t Emperasent Sevesdrienl ot ed in t he
takeof f pHeségmroft ftdecoobl gy fyiamyacan beraierd 6 BEAVEMS Bt RLFBLIPN to a
coohisng oS ol WH knthabryardas. Hieqggpunl, 9000l ing (luig, directed to

ac n

each pref orgl 30 The %daﬁtlve cool 1 .ng appro nt T ol & is also
benefi ci aP*brTHULE P9 ERUT AQInesSd VRt ¥ ofPruS b ef seelinmifluhe tenper at ur e
pattern ofophethhisi dedipnef oFmsthdan wagl ymellddé@rithel daysudihasf unction of the
speci fic pestormsatee Be Epotdian-ah hheadBGhiche SELLL NAS. QF gye to |ocal
vari ati ongol,gicw%zS%ag,hbckpglslgedof the preforns caused by 1 nproper valve
stem actuation I n the hof’ runner’ nozzle or due to uneven core shift in the
nol d%cavi ti es. AMRASETERE YR | S canstharthenr Witbdactald einobleasyg t o fi X;
however, sheteressich cauebd iwsedriovicHesappatus208 N RQAE,VO 991 50039
PCT/ US98/ 1494wt 3 ni; ! L he.posg 7ol di,ng_cool i step for each
cavity based %{%ﬁ?@t éw%%%f%%gjeé, gégh én{)%ed}\gr fﬁ%‘l"é tg‘%rﬁﬁaf oM A
signifi caﬁf’nrgﬁd’&si 8n S8t HEr RAOVEngi ARanRRl t9Rehpehed jan eutiatrAasi ng the
post nol dfay dsdtiggt cokd cair begadabieved interisicnphifaddag ok henglesi gn and

t he 26DvenRBl §edfarithe1bake; Offe fUrake yabfe tdish £ Q! Egguef, r%[&- FIP{-_foJ‘az% to take
into accog@tﬁger%l%reldt glqgicf_lesser_@l ing, servicing nd operation constraints
such as rrgidity, novenentSatcuracy SharPghrthtCoBBEME A2 1ER? i ng pins and
t he nol de8°dFEs Afesodd pief Orats sbewnheviakheofinlptate. 1@handowl it i ons.

Al so the pbsaré am aurther ceedvined WadR M dedure cRhRSeNas eg-be decided in
such a ma edu " ipt" of the entire machine. Reference
is made i Egl?%\ll%%r écqgagr gg?%bﬁ garsﬂmlfg?é‘) QF<'31‘F’1dl T?(rt}frmﬂ% c’f‘f’esﬁ'lﬂ?v 8ot her

embddi menBEbECthd 8pr eLBRL VAFTHAhIGhGRNGAC? © MEY tbsecPaectsid tpl ary 60 renai ns
in a vertfleairgbsiacuon douiey (roe addivhj onals aah BOOLddH] ist 8Pg. | . €.

paral l el bepi han®ldopk { 2 : ol.ing 98 is_translated
towards t gb}t keof f BI a?%e%b';gaﬁd%t@hgzgg%%?n&! %i Bégggc‘%’erﬂ Qra FRE"%o1%ed
articles BY PHHSENP48. 190« othigh aFReuERRHiSNB 1Ar Be bl ldgnnent, oW i ng 20
frame 98 asfastemdmigeteahfiesuctkesohiitplate Gfhe autoled ethmbeIfedurtbaar al | el

to 35CoNVEyOfnd kA emdiitt NEP e fakednPLef G aLe 5&4@}%@&59%4}9 dp' ate

60. This ger)ach sinplifies the design of the cooling frange wh oes not
i . . . .

need rotafion neans and neans to prevent its interference with the preforns

ej ect ed 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

16



25 fromthe plate. Further reference is nade to Fig. 14 whi sh her
enbodi nent of the invention where the robot take-off plate %6 m Qggh
additional translation neans 150 to nove the perforns 48 al ong an axi s
paral | el tWOONEI}® axis of revolution. This 30 additionalPSHOGERENE of the
preforns 48 sinplifies the cooling frane 98 which remains substantially

st ati onarpreddhnicNgnddi 1609! tig JYAGBFStrAHee BOWAN | ke M@ratda ime take-off

plate 80 rcigther EAS, ot Daldling,the prfanr s Ligaskated ahang he

axi s X towar he stati onar%/1 coolin cooling step,
t he take- fcﬁaf“‘epl‘-’ét &S grPViddleot ‘f%’iﬁ‘sbﬁhgot%’ﬁf'tﬁétp?'?t? £ ¥NEReRONVeyor 114
and t hus tdre-o66l ptetpr éborasclre igjseCipal dair bhenoYdfpmséndeni s Argde to Fig.

15 which ﬁﬁ%l@%@insalkmocﬂom %&%@@sm tachedat €0 th ot @ke- pfdmd! at e 60.
. The approach 2

c dv A g at ) 20 9I 50039 PC%)F/ U /14932 shown in this
figure ellhifaf&s ? r?é’eﬁ For®a 5 838P atR°%% arethar &R PP Eol i ng
pi ns and thuean ééut’é@eqlﬁéeéYzy‘%ﬁomedcbmweg thgsneldeshdrthobke of Frhe
i nj ecti ona NEYteRge dBEIHJAE meA D o NN C POLE S rzinns,mlién Nare 2Par@pyOXi mat e

U shape and ¢ o%%dbgu ”%‘Q‘é‘iiag%}? hcgﬁ%ﬁfﬂs eyl | gl cgp%ltn?%i £ ?T\%”‘VB 48 so that

they can be intro I"'nsi orms_ and he preforns
usi hf a tPESFIY EpVATE et ﬁﬁ?e@‘ﬁ%ﬁrpl%t‘éﬂomgomaﬁwmq‘i’é‘r bRnB neans. The
pins 174 sae he akso tointed awmmberd cdnraxeptdcAespaz ail alhet @akéeofd ef orm so

that they,can ke br ouahy;ingt 8o 0fnd Qnre@enyemernce%amale %'akgngﬁf‘t with the
preforms. Th| s simyl tanequs .r ot all t ins 174 can be achieved

i on of
usi ng anyP3f% abe fredhfd ﬁ8mléh nSRESaf pr r}ﬁ:]@df‘ i iy tWIA88 i nvention, the
U-shaped aobidleg prnerefitmsadd eithARMEhA' redettaghesr & tdwehpasf orm an ARM

"C'1paral skt idh ABMns A'ndthaho#) useﬂﬁii b@tﬁ%eam;wlfeg é’@étﬁ. tRgd an ARM "B’

t hat connect t.o A r ot f the i round the axi s
A of ARM ‘ff'?orms lgrondotnhee |t?'\(/l\7a?f% s1a Sy %As %S an 5&? his can be

done usi ngieftEroRgaredavadr rese cﬁa‘éﬁé?éﬁd blyn [§|h§t eﬁomertthaveqi Y% n
engagenenpatérit Nai. N6 pas? Ld6 ahtaehedt &)@ehhﬂqd&%MorCte@fb)e&@ﬂeQQmﬁ@ol ing pin.

The sare hotal on cam B, dong 8! gl Ghi 0ngl, ERANS0o il rDahi 281 At on

and the ot In rotation. e trans forns 48 fromthe

cor 88 38 t® PFRVIE58 VR, taljl?éé‘rﬁi 'b\f thEPRGRR dezf pF‘%‘FeSFE?G:eSt hé&2 U- shaped
cool i ng pahyod ingdny becdlzalr kedded rextidéds cet aarelforms | eirdtedatedn 25

adj acent egpehcoQolirRgpiahe 6@2t059etcha{-§3pkhe¥m‘j@ an%nbgiz&r flaueswkth the

Tovi ng pr efon I, A0d 1852, 3P0l Syposded o poen the pold.  Lpdlalely
after the™ é areretarned i the take-off Fa’f @6‘ ecoollng
pins 174 aﬁté’éﬁéﬁeﬁénth@\tﬂ'ﬁ{lé%oﬂa? ef“rHVeGO‘?WFGfBVm% Heé Brston BB and
t he2st ri patdppandbni0 mrbdrheyoteaph throephatie Rpaghs whi oy al [ ows ARM " A"

to be on §9pcpf) {1enREElQl nd Bey AL ikt eddiaeabalo Alignment with the

preforms an Iy intro uce Insid ﬁa orm; t ro% the retreat of

the pi stoﬁeBBp Spéf nEhtN9c SHE skt e IREMRe ER2t M@ V&t FPpPa A 859 ach ARM " C
i s provi dédobytkze cekk-sHfipiqte88035 Mhischsopee ataes apgen ndte Sloodfiner 181 or

any ot her fﬁgﬁéogll%ts H@@%ntélf {Jsghbi&, tuhﬁexl%e' %oeﬁgﬁg tf3-afdPRLY bl owi ng
air to eacgh cooeltg%q Sr# (l%/ées ? 281,00 gf éhe co Ilng pi ns
att 3hed tB PhETERE oPPehriste BFI f18 'fowl g VA5 aH Simplifies
and r educésopped ﬁ&éheft@mq,féopllﬂ‘gem 2 6 J A N 2005
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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WO 99/50039 PCT/ US98/ 14972 system inproves the cooling ratejbecause inside .
cooling starts inmediately after the preforns are in the tak&- fﬂANaZ@O5 _
i nsi de cooling can be done during the novenent of the take-off plate and

practi cal | ywoént0iuously for as long as the preforns 5 arkCTVSY 1850l ed by
the take-off plate. During the ejection of the cooled preforns, the cooling
pins nmust be ag@ddeohgt /ol k@WBLGS Fhgl & signiskl g#sgoggégi%qesg that they are
no | onger igned wWith the preforms. Fu ther r ef &f ence 1s “mide to Fig. 12

l,i _ (
whi ch showglﬁg?t]lyo PEGYL NP ARaRfSOL DB Mg ¥bbhi diF diFemnel sopnge of
i ncor por at egoil hng Haudd| (ndtalshesn32yil 6 tdiatplal bovsapatdyng2ef tdweiyur ef or s
hel d by theumahdr,ccarsegho@l;urﬂrnmand7tmfﬂfafd%lsxréﬂeihé)%%%'ﬁgge&m il d and
beforg the to%ﬁ-@ fCOPIL\%E:?e(F ters ! lftugu{'g)l din%gfigr ea, JThis addit) onall cooling -
.step will further solidify the prefofii f% r&2f nd (e8- 8ffthF ate i s
brought i nfE°LHE NG Hika di@xbelereondvdyr aré-transferred to the take-of f
pl ate. Accordi niedardangt beroreneadbabmdntofort Reeppressit iitveRtion, dfat can

be easi|y uadersd qadsfreriaidieyd! AN AR DAL R.AAR aliian, Lpe robot and

the take-off plate retain only a 20 single ba r the
i nj ection ?983%,6‘{ H® fakBHfFteReat 8NF 2t HA6dd SEEP st RYeE oWBE dtlate@rend

cool i¥¥g ai modded efty djéfatrent diimessabé own dirfiedeneatdmgyraiarasf r om t he

cool i ng pi Rgaedhes eRRlird, PrHEfOLNELA & &G akg:9f Pl ate that
will be br oggﬁg éotagal%ziintzo tJ;e .r?ol g}‘ng ar ea%\%ndtsﬁgﬂg%‘ge?coar%r%gllﬁg{%érzy
preforms. Frge- 2% (T8t at B 109 5PE eF HAS w&eRoREL FRRYINGN the PrRffmsne 08
for hol di ngTEhECOAGENGNPi FS74. mAKimbowmoumtt hi scdogrge aithes frame 98 may
have cool i aglpvésed/ Hy0Bhé WoidAp0s At Balr SRR aﬁgr{:}l;@rsugsggugﬁ@r@tgw rotate
about;sa fikgk 2%d§t3Q : .segond axjs 302 which is perpendicular to
the first axis 300 Agyggctﬁfltq’ %grrégﬁsc‘%r#otsbys%éﬁn‘?l%oe\mal r‘l“gh @rt may be
used to rotaf&ttTtderaRee b nshdat sthetantds13001ane Bon the prawitdi ng this
type of codireatdd dwartisitsheoesipl foldechav@ aottéstprsatorat. copling pins 74
engage t he opaef ¥ dE A8nbP SHi3niakerofdodliale in_internal cooling
of the pr efogr.gsb The gr ef o(?prrs 58 maé thoeoﬁlg‘(tg ?g(r:\g%]%'r ?%% gﬂf’w%f t he hol ders
62 in the CARSSRYS PIREEBY DEGSPRE g4 P& aThRe¥neamirdgsea?el then be

r ot at?®d abogedote nRasypectid tempenaterSGF ame BO2fowmd |befiorteamal cool i ng

of the preharss diblinghehay LAkhheda@istients2of Sk I\éo%QQ§gV\Qat9egléqp?’9

PCT/ US98/ 1497 . Ln After the first set of preforns has reached
the left- hg’%dgﬁ‘gés/i‘{’iqgﬁgghg'\‘A%éierH“d? Pf molddpg gy ets- gfI“CSOPT?fgerﬁer?s 74

may engage SEPSRERAT /s ERCHFOGAUPREEMENG'S Shelwh)i forhectek dookbme| eral i@, | f
desired, tkenkeél neamd $edt afhownpr ef OrrecaARacan bRy ecdeeickreyi£fd &o

surf ages caaygeiiy/aly 6okl S Ashy By GRAIIAG ;BLALLONFEBYLOG A Pl urality
cold alr onto the ext

of nozzl es gn t rsngrown) for blow n erior surfaces. |If
desi red, tﬁecgr%re %@’nﬁ?%aﬂ?@“&tgﬁﬁ?%r‘?ﬂ”r SeaPAR At DI e 2398 1t % ched to
it. 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 coeoling
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 differgpt 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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26 2 6 J AN2005 CLAIMS 1. A nethod of cooling a nolded artncge i
first region at a relatively high heat and an adj acent region Zt% JIA&N 2@{]3
relatively | ower heat, the nmethod conprising the steps of_ removing a nol ded
article fr¥P%o8 d conprised from nold hal ves, the ol &FY31%*¢Fe renoved
into a holder of an end-of armtool while said nolded article retains an
anmount of heatanother enibodfimantn dsf)cﬂheopeéaéxhtornaivelaeweers &hbtvhSin posi ti on

bet ween tll“'f‘%émh(i(B?'Mﬁsou‘éﬁﬂe&‘f(iﬁ%ﬂé@ed%ﬁer@zﬁ@é—‘é‘ﬁ 9350(169! article and a
second pOSJe i on_out the nold; with end-of armtool from

bet ween the"Hs1 §2h ?Vé’se‘jt 3"t AeV TSR BBE?‘H ét”’ﬁ therenEAFRr wi t hdr awal

of the enmelfingr ay€bol tT@llshelsmSpgspommcalthem@tmg andt npkeé a cool i ng

Ei Indisnt 0 s@ixigmekdesharinvel eawbet ecd h@vaohﬂ%cﬁrohECbﬁ i15e hehd ¥h éc:% n the

. hol der, t r.act en,s inrelation to
t he cool |€€rdﬁ1%§1gwggﬁ e ﬁéhéega{{ycﬁ e9 {nﬂ gr?eg 3 %’ﬁé\g: nng& passageway

al | owi ng SRMtINTG E5AMY 280§ eRobN | HYi F [SYEEER r’barﬁ an Pﬁ@eﬁ@ﬁlof t he nol ded

article touartianbhsdtareradaionaeal ,mdvemeapen spsitesrf 81 MedHRYppPASI ti oni ng

the coolifg Rida BQE@Iﬁd/edltrot@ncgcpfnc n%o?{ieéaalr% @hgegr yxlefgk'ﬁsté)ncgefl ne a
Spazg betme%gg? rﬁglon of an externa surtace Oﬁ prn and t he

opefi“end B¢ | Ho PIFECEl BPadf st 2F hiC Yssyic8nPERIUHE EXPRr Fhe
surface, Wwitswiff phetgde dehenesefidrespassagewald andtiopdnag7a’ gaseous

C(I‘)l0| | n? fﬂajzutdqealveagmarhrtmtr@fnaaédChadwe;lheotuﬁi@ 62000, fi n nah@ tLi@ls-' gt er nal
channel t i,ng, At t|p t sgriion into ihe m

article, 8% s}:ﬁgtée g dl}ﬁ% ﬁgh,? mrosvte% et ﬁ@oéég%oftfsamﬁ'o%f‘l ng fluid
expel | ed ‘P‘?%rﬁ t“ﬁ’é{ef‘?’bt n‘iﬁ%taIPFrPﬁC‘a g é@t"?oha@f firled £he stakee§fén to

accent uat plawoleiongami t hirthat heasi ddwatfiohsto rrﬂgﬁeo_@roxarbd weherghy tdhe
gaseous cg)ql.azrhgo%ltyhdpésslalohogfs‘gaipe Wl LOMARE 41 LI DL, 9L, ! D ! ded

article and via the passagewa ent efVi rénmeht and
wher ei n cBoOPEIES 6R 'B‘? Gﬂ?é?tieﬁt EFW&It}‘t,ené’Hﬁél T4 hdYt BEOPPHNY When | ocat ed

wi t hi n t heaemirdedAacordirg; tbothsasrddentcaal émgidn, udy ofuita®1ki hedngs egi on.
27 2 6 HAvdh 2R0%ne. adtheaiebBodsaf &p(}lo'tgge atkfgjlcggg ﬁétfr“almg ggreording to

cI a%p\ 1, \/\h&rec n tlgs ‘feou% cool i ngg is coole essuri zed air that
own AtShgh8 Mt et nal AER]RAETY té’ aTH’ée?F'e‘irl‘ngeBP ‘?:H‘&ﬁ"itnﬁ at®®l ded

artl cle ab’&Yﬁ'tﬁlt?@ £bowt aimd igser 12(a) thrhesh congd) i, shngtatpiginprrgcamol i ng to

exterior paotisonsedfashe varlydedmpréd indadswhb| €orveetmehedegkaistibeiéni s hel d

L 0 L Nalaantnenel o Sakd: 20010 9,600l4 L0 QX LEHPRyPORLT 0TS

occurs either, sinmu taneou artla SI nmu or s
with the FOTLiNYy IERMe h‘éa‘bd’(?l PHQPP‘FC&HCH‘%’I 8nEORYRY AN &f nal AshghAwR . 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
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4. The method of cooling a nolded article according to any ppe eﬂi fbﬁt‘jm
further conprising changing, over time, the amobunt of cooli na él L&H
delivered by the cooling pin. 5. The nmethod of cooling a nolded article
accordi ng twoansepr eceding claim wherein the tip i s confpueseiidom produce
a divergent cooling fluid flow therefrom 6. The method of cooling a nol ded

article acegrding .@,88Y,L£fyv Ghal to 5 wherein the tip of the cooling
pinis int roduc’gl% into t?‘lfe)lyp(rigf ('%E?n %%meaa &Pt A<t hhte3fih SRE1ciReC%ool ant to
reach and B58f°dh internal done portion of a preform 7. The nethod of
cool i ng a nol deééhidet tbé etaecordi pJato® anhaef bebAi daskrGhed, abURdhely

conpr | ST Nia88AIdRY cbnfedisd B bbabudisthanes (g} Jrqmthe Lirst region of

t he ngl ded [_%;ccése;ofa@rqes raci ng a sidewal | of1 said cool g pt™ a second

_di stance (fbﬁ O i nt erndl” Crabfal f R BF tRePRbiekY St itbeEe awertdinesa rati o
of the fir¥pedi¥tcaierld ovatte toevohdstirgt aoodifg: &) tire iektbheor ange of about

1:1 to abostrid:ek wAppatial s eft0EnS 0Nt N4 ra+NPh gsh f%{ittin%etﬁfﬁd@alie”—o%'} .
I icle having afirst

i njection gpld,for apsol d_hal ves, the nplded art ]

regi on at g?r el at iﬂ%??%i%ﬁ?’hLe"g?nsannﬁlayar?eaBjr%é%‘fd reYicoRtEPL acoY g vel y

| over heat V1tHE dPFaF 2O iEoRPRFS| $R):th2® suhbedolAry 2085 Aot estdral arm
tool Ravi ngntil lafdet Omeermalldevolimg ENEANGSH AL FRAROILAQPBLEE, OIH rord N USE,

between a FifBIndaQSi FbPNRetMeeNs | d_halves where i1t recelves the
nol ded article int ggg res etgt i \'/es‘%)%ga 0 gﬁévstmﬁaé}fst("8ﬁesﬂ‘6‘l”&i)er’“aé(n6’ea

second positToOTGatsT dt"' St WhReHOP L P 28] Hedoravsng! 61bwcaf ed, in use,

into the re3pkdtd féubheurdfilt hedasit@ngoioneiRotiher.s ah anilngyhen the

nol ded art isterdaat ahHSem@gQuagop{nJ1%qt th@ gp%dﬁg mgi n,on a%%ar arrg | ocat ed
adj agent t bey spcand, pesi ti,on, the cool i ng pih having 4 FfpPa frame
arranged, in Use, to nové T aFArT RETD AR ShmubFangowsigel oX o cause

i nserti on DFMHEEPYof the cooling pin into the nolded article after the

end- of arm t oolFigeatbesl e ra€6ohqdert bABodiment 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. 1In this case, the cooling
step compriﬁgs 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 cpoled using the frame 98 and the cooling pins 74
that enter at least partially inside the preforms. At the same
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characterized in that: the cooling pin has an internal channel term natin
.at the tip that, upon insertion into the nolded article by reI N 200%
novenent of the frane and the end-of armtool, is wthi r;c{r}ﬁgwq%.,ged article
but spaced"AWa)fromthe first region and wherein the c6SIRg PiA, in use,
is connectable to a cooling fluid delivery systemarranged to force gaseous
cool i ng fdimed thorryetfhens nt&medlaickdnhel tho takesef £xpudts 60" oiatdhe gaseous
cool i ng fdnaig Eiﬁﬁﬂohesﬁi-f)aéﬂ%stclo}ﬁv'eet@vgif eddien g atrheadfd|ﬂ:§5nifg| on to

|
accent uateoclgg 'é\,ga with 590 nadik tst %ec lzaélougng%ﬁ%wgarfilsm

p05|t|onec? YRe exp NGon'S fromthe tip,
with resﬁ@'@chFB ft e&ficl oﬁ%s athAwodh §igh Jafs, tthedefiditeloniad ggelinm open
system hatatgoa s sagewaylatd Awyng fvReE: s ofs2gasepusankoebsngod | uid from

. an I nter I)CQI. Wq;\gtg%lrgqltdggwgll[é tﬁJe OL\QE?”S@PPAC%I Slogz‘\.[}ll% %%&: andrl'\ll\her el n

t he appar at slls operation rin aseous coomgflwd
from t he 1935 'sEafece@Phe? To &hev FB?rH’I‘fé felh‘ddofh’é?‘w‘ﬁht YANAG¥Y t he
passagevva?gﬁaoflnt hlee dpér-o9St enaties §9M'odudeanty ther vatennswffaaespacehdet ween a

regi on ofprat ot eF Nak i HHbH:8CEr ca‘petnhe.g@@u%do'zmam &k %Poﬁ@d of the

nol ded artlc bot Iocat d u res ectlv | der and
posiq'I i oneof’1 cenlp.l sard’ ?egl%srr}z ‘0 hS“é eEF r?gi J'ﬁ f%e cool i ng pin.
9. Appar a%lmouaec@?ww% 84el amin 4 \Mﬂetbﬁnprterf@ra\ppaléﬁtm 624 andanged to 29
2 C JAN 2665 ltnérmlmeshbea&é p:ﬁ)fthteh@re@@hh@g WhA 16 NEKe tafa%llaiexfm&fm to a

depth thagoo? WS dderc98bant 1o I ea%hran al. an |nt £r n&g dome portion of

v1ng

a preform aratus accordin 5 crai i or Ot e positions the
cool i ng TP MEhFYP Y& IRBINded! arthoxle §acﬁ6<fcnm1zeri) thafe in gecryabitpl aced a
first di sttenceolihg fatamibhe2$0 mety magieoas ofariyheozel dedaairceabe; tdi ) a
sideval | afoisahd 600l BarphBed d UAL 8ds2ra8GADel 5% ANGELRY from i nter nal

si dewal | s of I;Tple m)ld rtl %e and a ratio o first distance to the

second di stancé (‘(ljse @%g&OB%lﬁ%oﬁﬁat}"T to0 fddaks1BPa. 11.
Appar at usPERESSPEi Hy t’ccb b&nylm‘ﬂltdrea%lez tooled iwisddei and hmitgaséoas cool i ng

fluid is @d&l:@d ﬁéﬁ%lﬂﬂaledr@l InddiRindent DE ¥ @HORAKENEr 4 RhgeRatochannel .
12. g\ppar,ﬁ;&s r,]%kteQ gg%( of ecloz%me; 8 19 q’l,,l,verY th%rttl ncl udi ng a val ve
e I

for suppl I'ng anmoun gase us too i ng o theé cool i ng

pi n. g&ﬁfa@ét"uga%ﬁtc’:&r grRYiED: arFyf Gesérag nstie peeform iirddera ¢4 tip has
one of a nh W eyrgentheqzziferesnss remt iarouandtie sidcki gbtt el | @dusozzl e

const ruct i &f,i nghgr fbb E@%n 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—uniformvheating 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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internal channel and tip, when |located within the nolded artjcle, focus_the
gaseous cooling fluid towards a region principally surroundi 6 @JANr 2305
regi on. 14. Apparatus according to any of clains 8 to 13, wherein the '
cool i ng pi wahasesne of i) a varying diameter along its | @GgUSI4PT} | at eral
fluid outlets or radial conduits in the sides of the cooling pin, the

lateral oyblelSPhe! en%aio&qnqum QQUrQ'IaQ:d th LQ&%&I% Agh-ghafel and

arranged to direct coo east one nec pOftIOﬂ and a

body port FoRt &t tteﬁé’rﬁo?’iil}éocré'ﬁtlaéﬂémw|‘3°°¢‘F6’0\’/Bs“é? Fg2dnPESE ¥ MSor sur f ace
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v) a plur EPWP?raeﬁ“r@oﬁtlae@t‘eqeer%nFQChl B -an SGJOFEW o¥n dimef fake offft he cool i ng
pin. 15. Appes doisaaceer gicgided abyrodurdtai rfmleSah&xﬁ:él ofV\/&ebmrm; firld@ end- of
arm tool gupp iéosll%gpkyﬁa“ ty %tngkd@sn%@g EQ oqctk'gﬁe S SVer

cooling pins t here are m t' 6ol reby, in
use, onlyteBPRARY OABEIRT "c"rf'e "eefdéd Ehat dme§‘°Fh ?%’%ﬁfeéf‘iev%a%l der s are
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one of th%hmmﬁr ga;keéf t?r{le meldéaﬁpl%e%\én%?»%eéa&’ /%mé[ S%A{eA . AYh. A?. A
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| calfeal egbboaleald.caloal eabl aaleaUheabedl SRl el Al 82 nventon,
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CaCeCOXOP 96Pga[ Vj e [V]] caU] caU] ca] c(a] ca] caU] ca

] caaca] cal] caTh;%l]nH]ocraU]l&a] cxd])icw| oathod] ade]ap@]acati]:s:a:]ﬁca;U]aca:}eseln]tca] cal] c
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c&a] ca] ca] Cﬁ? Hl ca}) can]tga] g&l@ oaf] &JLga] caIl,g cach call %%Ulccglcat cal callc

bb
3] ﬁiHEﬁg]h%l%ﬁh hWP?WﬁG}Cthja?]OﬂF}‘V\FI 'g%!\"’\ﬁe@ YR Ureta | veddpdapeblg keappd Ure®] cal ca] ca
U] ca] cal] empeably cva}maU]tma] C@h@@aim&'é] od] ﬁﬁéﬂlﬁﬂ]d‘éa] Bﬁﬂl@ﬁ] oagceysd cal ca*|
"jcidd b1 kighlVKL K MI l,gé mm%%t tHH| C;& 68, %Ceﬂ;gal ca] cal ca]

calcC cauy] C ca ca] cal] ca
ca]U] Caichap esen a ven 1on, J tu rs loca ed 1n t UJ ] U cal

uuuuxx-}. off~piate Boz udied cW}mﬂJ]ﬁxaa]n@aU]mal]seahﬂe@a}:oap&@ad]dzaalJ] ca] caUlca]calc
eeilvol aibesrle ol shotnd cahesl o elaplo et i SRER 90y e
claU] o o] Ssrastef REiS ?&r&é’&&%%m B PEREFERT Call o

(, @3 $3N[ _d{ vpke #d4rt XPUFPehlrn)arpyeash caefeignedUpeafaraUjscaleal] ca) cal] ca
] cal] ca] caldnegliepd] osdaldecat cadl aalkeahea] sedduir] eabl £ade &aatLbhe
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 og 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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S$10%5C5C§%£3&1&%%Q”@%’éRé*§#3§§§93§§§WH%T£he 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 steﬁ) 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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(10@6f&f()aﬁy 'Hitable means known in the art. According to the
invention, the U—shaped cooling pins 174 have an ARM "A" that
enters the preform, an ARM "C" parallel to ARM "A" +hat'is used
15 for moving ARM "A", and an ARM "B" that connhects 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
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 operafés 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: asimplifies and reduces the size of the cooling
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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 1is 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 flrst 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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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.

26



#1098 ()-)! C z#10% * (*& ()-!z#10%&' ()-L10%g& ()-!f10%g& ()-Y

310%g& ()-BkwU3dY: 10's’ #10%&' ()-)!i > #10%& ()-)!i  #10% (Q(N‘} %905
#1098 ()-)'H #10%& ()-)!> #10%& ()-)~_= 10's’ !4l s#10%z& )7?5 V& () - #
109& ()- 10g 10g 10g, 910%g& ()-!x" #109%& ()-)$: uwmi3~_ =

10! 4" | s#10%Iu& () - &0! 4" | S#109& () - &0! 4" | sH#109& () - &01 4" | S#109%& () - &0! 4" | s#1
0%iu& () - &0! 9R | S#109%& () - &0Cz[ PE: 10!4 10 10

10" 9109& ()-!0" | S#109& ()- &0! + | S#109& () - &0! 0" | S#109%& () - &0 | s#1096

& () - &0K} [ SRAIMS

101 41 0" &#109& () - Z1! + &#109& () - Z1! +V' &#109& () - Z1!! &#10%IPUP& () - Z13

10967& () -$Y 10947& ()- GK: wUB+:

Ilng‘;g"o/g/&' ((&) ( ; 4/}%%@?&3%% todlin® SAAOUEd (Artikld haSidd % flryt £34idnd&Hd V& () - Z1
6} vk
relatively high heat and an adjacent region at a relatively lower heat, the method

comprising the steps of:

removing a molded article from a mold comprised from mold halves, the
molded article removed into a holder of an end-of-arm tool while said molded
article retains an amount of heat, the end-of-arm tool operational between a first
position between the mold halves where the holder receives the molded article and

a second position outside of the mold;

withdrawing the end-of-arm tool from between the mold halves to the
second position;

at a time after withdrawal of the end-of-arm tool to the second position,
inserting a tip of a cooling pin into said molded article while the molded article is
held within the holder,

the method characterized by:

forming an open system in relation to the cooling pin and the molded article,
the open system having a passageway allowing venting of gaseous cooling fluid
from an interior of the molded article to an ambient environment, the open system
formed by positioning the cooling pin relative to an open end of said molded article
to define a space between a region of an external surface of the cooling pin and the
open end of said molded article adjacent the region of the external surface, wherein
the space defines the passageway; and

forcing a gaseous cooling fluid along an internal channel of the cooling pin,
the internal channel terminating at the tip that, upon insertion into the molded article, is
spaced away from the first region, the gaseous cooling fluid e){pelled from the tip
mostly in a direction of the first region to accentuate cooling within at least the first
region, and whereby the gaseous cooling fluid is allowed to flow from the interior of
the molded article and via the passageway to vent into the ambient environment
and wherein cooperation of the internal channel and the tip, when located within the

molded article, focuses the cooling fluid on the first region.
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> $10%&' () - - €onFisinp0fflying lcvolitg® ¢xtedoriportions of the molded article while the
molded article is held within the holder, wherein said applying cooling to exterior
portions occurs either simultaneously, partially simultaneously, or sequentially with the

forcing of the cooling fluid along the internal channel.

4, The method of cooling a molded article according to any preceding claim,
further comprising changing, over time, the amount of cooling fluid delivered by the

cooling pin.

5. The method of cooling a molded article according to any preceding claim,

wherein the tip is configured to produce a divergent cooling fluid flow therefrom.

6. The method of cooling a molded article according to any of claims 1 to 5,
wherein the tip of the cooling pin is introduced into the preform to a depth that allows

the coolant to reach and cool an internal dome portion of a preform.

7. The method of cooling a molded article according to any of claim 1 or 6,
further comprising:
spacing the tip a first distance (d) from the first region of the molded article; and
spacing a sidewall of said cooling pin a second distance (D) from internal
sidewalls of the molded article;

wherein a ratio of the first distance to the second distance (d:D) is in the range of
about 1:1 to about 10:1.

8. Apparatus for cooling a molded article made in an injection mold formed
from mold halves, the molded article having a first region at a relatively high heat
and an adjacent region at a relatively lower heat, the apparatus comprising:
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respective one of the at least one holders at a time when the molded article retains
an amount of heat;

a cooling pin on a frame located adjacent the second position, the cooling
pin having a tip and the frame arranged, in use, to move relative to the end-of-arm
tool to cause insertion of the tip of the cooling pin into the molded article after the
end-of-arm tool reaches the second position;

characterized in that:

the cooling pin has an internal channel terminating at the tip that, upon
insertion into the molded article by relative movement of the frame and the end-of-
arm tool, is within the molded article but spaced away from the first region and
wherein the cooling pin, in use, is connectable to a cooling fluid delivery system
arranged to force gaseous cooling fluid along the internal channel to cause expulsion
of the gaseous cooling fluid from the tip mostly in a direction of the first region to
accentuate cooling within at least the first region;

the frame is positioned, during the expulsion of the gaseous cooling fluid from
the tip, with respect to the end-of-arm tool such as to define, in use, an open system
having a passageway allowing venting of gaseous cooling fluid from an interior of the
molded article to an ambient environment; and wherein

the apparatus is operational, during the expulsion of gaseous cooling fluid from
the tip, to distance the frame from the end-of-arm tool and the passageway of the open
system is produced by formation of a space between a region of an external surface of
the cooling pin and an open end of the molded article both located, in use, within the
respective holder and positioned adjacent said region of the external surface of the

cooling pin.

9. Apparatus according to claim 8, wherein the apparatus is arranged to
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coolant to reach and cool an internal dome portion of a preform.

10 Apparatus according to claims 8 or 9, the frame positions the cooling pin

within the molded article such that:

i) the tip is displaced a first distance (d) from the first region of the molded
article;

ii) a sidewall of said cooling pin is located a second distance (D) from
internal sidewalls of the molded article;

and a ratio of the first distance to the second distance (d: D) is in the range of

about 1;1 to about 10:1.

11.  Apparatus according to any of claims 8 to 10, wherein the gaseous cooling
fluid is cooled pressurized air that is blown along the internal channel.

12.  Apparatus according to any of claims 8 to 11, further including a valve for

supplying regulated amounts of gaseous cooling fluid to the cooling pin.

13.  Apparatus according to any of claims 8 to 12, wherein the tip has one of a
divergent nozzle construction and a straight-walled nozzle construction, wherein the
internal channel and tip, when located within the molded article, focus the gaseous

cooling fluid towards a region principally surrounding a first region.

14.  Apparatus according to any of claims 8 to 13, wherein the cooling pin has one of:

i) a varying diameter along its length;

ii) lateral fluid outlets or radial conduits in the sides of the cooling pin, the
lateral outlets or radial conduits coupled to the internal channel and arranged to
direct cooling fluid to at least one of a neck portion and a body portion of the
molded article;

iii) grooves along an exterior surface of the cooling pin;
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separation of an exterior surface of the cooling pin to the internal wall of the molded
article; and

v) a plurality of contact elements along an exterior surface of the cooling pin.

15.  Apparatus according to any of claims 8 to 14, wherein:
the end-of-arm tool supports a plurality of holder; and
the frame includes fewer cooling pins than there are holders on the end-of-

arm tool;
whereby, in use, only selected ones of the molded articles in respective

holders are cooled by aligned insertion of a tip of a cooling pin into each selected

one of the molded articles.
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