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Post mold temperature conditioning (or cooling) molds, nests or
tubes are well known in the art. Typically, such devices are
made £from aluminum or other materials having good thermal
conductivity properties. Further, it is known to use fluid-

cooled, cooling tubes for post-mold temperature conditioning of

-molded plastic parts, such as plastic parisons or preforms.

Typically, such tubes are formed by conventional machining
methods from solid stock.

To improve cooling efficiency and cycle time performance, EP
patent 0 283 644 describes a multi-position take-out plate that
has a capacity to store multiple sets of preforms for more than
one injection cycle. In other words, each set of preforms is

subjected to an increased period of accentuated conduction
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areas that are wvisibly hazed). Furthermore, lack of contact can
cause ovality across the circumference of the preform, while
the loss of the cooling effect can mean that a preform is
removed from the cooling tube at an excessively Thigh
temperature. In addition to causing surface scratching and

overall dimensional deformation, premature removal of a preform

at an overly high temperature can also result in the semi-

molten exterior of preform sticking either to the tube or
another preform; all these effects are clearly undesirable and
result in part rejection and increased <costs to the
manufacturer. It is therefore desirable to configure the

cooling tube to include a means to achieve and/or maintain
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manufacturer. It is therefore desirable to configure

the o cooling tube to include a neans to achieve
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contact between the outer surface of the preform and
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Another problem with known cooling tubes is that they are
expensive and time-consuming to make and assemble. Further,
the operational mass (i.e. including cooling water) of the
cooling tube is of particular concern considering that a
typical robot take-out system may include one or more seté of
cooling tubes in an array, and therefore the cumulative mass

supported by the robot gquickly becomes a significant operating
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EP 0 700 770 discloses another configuration that includes an
inner and outer tube assembly to form cooling channels

therebetween.

U.S. Patent No. 5,870,921 discloses an extrusion die for use in
producing aluminum alloy articles of extruded shapes or tube

having a void with defined internal dimension.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, structure
and/or steps are provided for a tube assembly for operating on
a malleable molded plastic part. The tube assembly comprising a
porous tube having a profiled inside surface, and a vacuum

structure configured to cooperate with the porous tube to
4
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a mal | eabl e nol ded plastic part. The tube assenbly

conprising a porous tube having a profiled inside
wa@oazesel and a vacuum o structure confi gured POI/CA2003/001336

cooperate with the porous tube to 4 WD 2004/026561
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Furthermore, at least one porous cooling cavity is configured
to hold and cool the at least one plastic part after it has
been molded by the molding structure. At least one wvacuum
channel is respectively configured to provide a lower-than-
ambient pressure to the at least one porous cavity to cause the
at least one plastic part to contact the inside surface of the

at least one porous cavity.

According to a third aspect of the present invention, structure
and/or steps are provided for a tube assembly for receiving a
molded plastic part having a profile. The tube assembly

comprising a porous substrate includes an inside surface and an
5
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at | east one plastic part to contact the inside
surface of the 5 at |east one porous cavity.

wa\ewanzlishg to a third aspect of the present i nRERCAIN3/001336
structure and/or steps are provided for a tube
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with the inside surface of the porous insert.

According to a fifth aspect of the present invention, a method
for shaping a malleable molded plastic part including the steps
of: (i) receiving the molded plastic part into a porous tube;
(1i) providing a reduced pressure adjacent a profiled inside
surface of the porous tube causing a portion of an outside
surface of the molded plastic part to move into contact
therewith and thereby attain a substantially corresponding
shape; and (iii) exti:acting heat from the molded plastic part
through a heat dissipation path to solidify the molded plastic

part at least to the extent required to ensure that the shape
6
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for shaping a nall eable nol ded plastic part including
the steps of: (i) receiving the nolded plastic part

WO niod/0265p0r ous tube; (ii) providing a reducedP@r/€as098/001336
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an&;" h@rj?ﬁ;iflﬁ‘?t S-iPﬁ RoLdpS tRIATEHIT prdgiclespuharain the outer
surdhape;ofandhéi Imo)ldeﬂt rAeisichg featt frompikBeiavhdedth a final
a r Ssj pat).on path to :
Shaggl% of |%htglerfn% g%lg%%le@ Oﬂplar I}Sl%eag%lr?%c?h%mflle of
th ee%’PéﬁPSrE‘d]aFred to ensure that the shape 6 WO
2004/ 026561 PCT/ CA2003/ 001336 of the outside surface

| de reser
ACC%EggglsngBt% &119&5 é ast |fc %Si} |cﬁeéseﬁwelflé(@ﬁtf’é‘% ot gpcture
andlEr SEEVSt it B dpIfast ian perd- 4% FumoViatdd Wil end-of-
arnf i@l cehppesiigt ai sadefdnes; Hye t her- pfﬁ&ftﬂt!l% ' '1%1' q,l%e, to a

rf e pr e of 5 the ROrous. t be. Accor to a
Jmb%lldxt aspelg{}ié?nq heSYEF%‘%nt 5y aht :ﬁrﬁ’? Est POt J‘Iu e assembly
arrzRgedr OBt &hs seerpesvidetef ofhantehd- afsamvit ood . cEhEigured
foxeli@c@ﬁ.va.ﬁ@m il@oﬁséo@ﬁhcﬂd& %)l(é%ﬁ:ﬁ'cebaﬁ?ltat fhdOfupe assembly
comrrg s1 i ng, gg rqbot in a, nol ding system

(‘Drleasl'po&r?é‘1 t ub@ %sgg'ﬁfdﬂg SFraHQ%’cfi%nsPﬁ ace and an
Ou’céé\ﬁﬁl efugfiantes. The timsédassewbfged speofifiigdr et feflect at

leakecal \_l)bﬂgmohnolﬂs%heap@fgféj Pk aghi cpdidly Jﬂ?sttllﬂpgyart and
assenbl y sing a porous tube having an i nsi

Il
& €Ertae :ﬁl Sout g]il%ie VST Ec eSEEREE MR d€ sEPRRk@ired  to
cooppg@tqeeult:b réfd eptrcats thibdeeast mrpetde oniomf usBe a reduced

preBEef&| ea@jcac!et}?c m:ﬂh‘éedlﬁgia&é' G doe AR Ba¥8EUUR  Gutgide

Srj?truct;; ﬁl a}éums ructure is configured to o
UrEdoperat € with i ERR Poloulet uB&2Bbipr BFrde, logatigblegwithin
ther gdbeedssprbgur toadpaicart the imsidie sinfaaee dfo te@ULrous

ins@bt Olgos' Q§ t%uréf‘f&nr Og %u@@:k%ﬁ@?%f ??Jr%q_%lnpl oajft \l:ﬁe outside

able with ;0
Sur@%ﬁ?ac‘f %‘% ng‘F‘&iée%ef abérsh tﬁ%o%om?élnignsela@ SFtadn a
profplal Iswbsatsmmstlammbrmﬂ;mm@ tthe eutsi geofiSly f @ge the

insPfethe-#mld eabl e part, upon cooling, to attain a
profile substantially corresponding to the profile of
the inside surface. ‘5 According to a seventh aspect

Accofdime presemt sewenh oaspe8tr USEUr eh@nNdhss &IPS neBtion,
strﬁ’étgy}éjegnépéras'i:ggg Q%éerg%]o}(fidgge for a tube assembly. The
tube assembly comprising a tube with an inside surface provided
on a porous substrate, and a fluid flow -structure. The fluid
flow structure is configured to cooperate with the porous
substrate to cause, in use, a malleable molded plastic part,
locatable within the tube assembly, to be drawn into contact
with the inside surface so as to allow a substantial portion of
an outside surface of the malleable part, upon cooling, to
attain an outside profile substantially corresponding to the

profile of the inside surface.

According to an eighth aspect of the present invention,
structure and/or steps are provided for a molded plastic part

with the shape of at least a portion of its outside surface
7
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tube assenbly conprising a tube with an inside surface

provided on a porous substrate, and a fluid flow
wa@reogoeasse. The fluid O flow structure i s confP@uCcazhosoo133e

cooperate with the porous substrate to cause, in use,

def%_ %3' Eeabl ePQQE?fQ%m %%Ebg R dracel acat §b|£§‘03¥&$§1| Autdle The

agsenb rawn 1 nto cont act W th
molfied| obastird amrtsol%\sf@:aneai IRy TR FAGERS A poﬁ«ﬂt i &?C&fl"mg
a Iﬁdllféléﬁﬁbdem@wécacglaﬁtwepﬁwtl ena:hicef paet ,pcbmnmb tube; (ii)
cop to 5 attain an .oqut raf i stantial i d
red‘d%??%s%%%%‘? g toéjtahcen % |I%er% of |ate%e Lln%Sll%%e surfgggew sar
pordesotdbagcaos ing ekt @Oﬁ‘gp@étOBf thRe opiedEnpt surface of the

molli@&'e'ﬂl'a%@ac Sﬁa(lbl@t Uuhe R 0Ensd e%n&éetprm}dedhéorpmflled

msgg?tfsliﬁgﬁﬁ?gltlf)g S|%°g§ulljf’rggce W%%ZF%Z%E&& a shape

subPEIH CAZONE/ 60rR86pcddiinedobythe presfdfiid®d ndngede surface;
(11?5“‘ fe@{‘f:@a@leﬁg PaEads ﬁr‘é}lﬁ"ﬁ th@%ﬂcl@&eﬁl@é@ﬁ [ pa;@ﬁl‘ l:hifSugh a

ool G i PESEESS 8T b £ N R LEBBE,  pare

ous ¢ ube:
sufifédientigy pses]surt@aadj’@@emuudxe ghare | ef ithsi d@léiﬁldf adestic

par(ef said [ Pe POFAAS, tl'g}ﬁica(lﬁr')ngetj@@t@ﬂ@t [ @HeOfm&r@ed plastlc
out s de surface of the . nol dg B?astl ¢ p%rt éx?r of the
artifie- c hezet wi tH t ReTHMBFi 1%d

fsiPde5&Grt ace o th
molﬂedopSaBtlibe phirer ebjketo cat teai urf asteaphinisubstahtdcaiing that

£ CQ[E p&f@f:ﬂﬂaé Y iﬂ?@lc@éh()f buﬁfjad@SI de sunkaceordusi i )insert.

extractin eat fromthe mpl ded sti rt t hrou
Preéeﬁéla%ym bep RIS Hat 1Og ol§olqo&%ie§ t I RfgdH asq%&rate
witparthe sufrbiEdledat |nssigeh sirafadeshehouing Slmﬂ%'s_@fltt‘-hé spaces
prerf%!cggg}lded p i€ 5 RALlGd $£PLESEE VR0 ad nliic¥bnel. ecti ng

astic ‘article. Werein the portion of .
the outside surface of the nolded plastic part takes
Acc@ftdangutdaseninth shspeft et itig hatsens dhveheiprofstmgture

and /3% %%e?grf aee p?:%v&ﬁ%dpggg’uﬁn' Qﬁ?é&tloﬁfrﬁtgf(ﬁ&?lﬂlaétl‘i% part
;:{oro Gbe s orQus . substrate wth { a
coqdidapi ltelei hbple igurFacadRay ﬁgdf‘z‘ﬁﬁ@?sfil Varngphcatly-shape
cud efiemably widiid surmnge ofn abhotid® tsmrFBom, crepds.at least
cco di ngclllo%?m nth aspect of the present invention,
ong CPuchu?e and/or steps are provided for an
i njection-nolded plastic part cooling tube that is
Ac&?ﬁiﬁﬁgedot a8 d@ﬁtﬂeaépéyﬂ: i pflrdtcaldnesshapacdventbenw tijection

molgﬂéx n%llg.g ;ug E‘ 1%? oéﬁds/loq:e s%léiofsagge ngvﬂieéeﬁﬁéh a mold

an
structure which molds a plurality of plastic parts. A plurality

of extruded cooling cavities provided and configured to hold
and cool the plurality of plastic parts after they are molded
by the mold structure. Each cooling cavity including a
plurality of cooling channels defined by the extrusion and
configured to provide for a coolant flow through the plurality
of cooling cavities to extract heat from the plurality of
plastic parts while they are held by the plurality of cooling

cavities.

According to an eleventh aspect of the present invention, a
method for extruding an injection-molded-plastic-part cooling

tube includes the steps of extruding a hollow aluminum tube
8



10

15

20

30

35

?5 According to a tenth aspect of the present

i nvention, injection nolding nmachine structure and/ or
wGee@ps2@se provided with a nold structure whiBCT/ankads/001336

a plurality of plastic parts. A plurality of extruded
havool [ g « cawtl es, rovi ded an%scggf Lgu ggleto h | d 39 St‘

P b TTHE S ITFARCEy 6F SPASEPE FRFESCEf ¢ 3P tﬁey gfe- °ore

Comm@hab}lelhe mol d structure. Each cooling cavity

including a plurality of cooling channels defined by

e R A O 8 \RPEOU T or B pral o e

- assxivlac tinrdatiefr emtiubelpkrupalcptly 0fis@6t pfast vecpamt Sorming a

moi’méci eafﬁec)ﬁ.ear earnfl go b)fmb?@v@' H&@iiﬁé’ @Ef?@?&ﬁ&ﬁe The porous

cavities. According to an el eventh ct of
ingResetIG FSSt | R ol RN ho%iu?%arceext‘? ngi®n contoured  to
subsijattiadiynobdedspbadtiteipatie chioldinglesiGellub®lding surface

f b
ot P 988l DnEh O SR DTl AL P LYo
Pr%‘tﬂr‘?eac% conibit st eaFMabEshidgd at reeheh %ﬁereé'@%’r‘i’?ﬂ@f low
vachannelresAceor imy tfora évx&d:xﬁatttnrsgspedtr ofhtheglpr esent porous

stfwtgﬂlel 0l @h&ug)%rogsasﬁ.sh%@ty It‘ﬁ%fé%?é %égﬁ%ﬂ al deformable

orous insert f vacuum form
taétllﬁﬁﬁoif%t%o?ﬂmr?g:"eﬁ'ﬁt& §H6yco%‘é‘ﬂfﬁﬁ= dtISSlqen§éFface
|ncI udes an inner surface that is contoured to

Théc'u%agggﬁl al | ¥7e89£&$8%h Qn‘é"ﬁéed A fl ?8v gsc,| redcoollng tube

sur ace ress

St@rfa‘hﬁ:cﬁ sthat t Hengéiens i¥zerceoio lfﬁm\ﬂ]dfe anéorﬁﬁﬁﬂiﬂﬁ@iﬂy a
ju@tsizﬂﬂdeahlpgagti@glmﬂ)f Ho@laatetivewtﬂlﬂw MREUWBoling tube,

thgﬁe f’}/i::JLEGng Yl]{l%r J%@Csucatl d19 4 al ' {:Erou J‘I:;he p%rn%usgenerally

€ porous |nser rawu n ]
enlepsteimeativslendlidsd Afuegvern ntie dém a@QHWKth P ecoolmg PET

and ONgQaIr eﬂmaﬁls;bae Subiaeeiodd <|5Ff1e ﬁ&mb raehw\éenbirasnﬁg from
vant geous ovli COO I N tube struc re that .

pr(?ij |dgns R Q/ud‘p rggl d'y andpﬁ‘?g P enty 1%l nign

tejrgratwsieded phast reprpdrt cp@éan@d wff-hme@ hebY:othﬁg present

in¥&tde,on ltB@ﬁ@pycﬂm@ov;ceg}l&@fus;&l@eslsl@ﬁ ¥ pref grdkfde of
enera n cl e | e over |n

ungorte g’f 568 i ng %‘;EgZOO%noa‘feﬁ? edipr O%E‘Stl Ghpished

pladtiac epred ety deswnti sihgaf doamkpreohbagedr expesafecoilly, the

prddndPr ehoeMmish r gkatbvely RiaghcalfMer abliieseat RB1a defined
olin orded by.the ese

'sha_'gl Iodf the molgfd éfpart, such as grpreporm.

In addition, the present invention advantageously provides an
extruded cooling tube that is easily manufactured and which is
of a lightweight construction that, beneficially, reduces robot
specification requirements and/or improves robot cycle time.
Furthermore, the cooling tube has enhanced cooling capabilities
ag a consequence of improved and integrally formed channeling.
In addition, altermative embodiments of the present invention
provide tube assemblies that are capable of vacuum forming a

molded article.



i nvention beneficially reduces the risk of the

presence of unacceptably high | evels of acetal dehyde
w0 poottlozssbi ni shed 25 plastic product, such as aPdr/CAako03/001336

contai ner. Beneficially, the present invention seeks

to maintain il H t he

nol ded part, 3§%§J bk Chdeallics i%?@ﬁ%%% t he

present invention advantageously provides an 30
Exeamuhugedem:jmé@tbub@ft hatle | sreasid yiﬁaéﬂf:aﬁzhumﬁd.lanﬂow be

'S i g c tructi , . .

desber%g) e i 4 ?11; uctéq\ggr ogét ng(r%em gﬂ%‘g drawings, in
Whlﬁ@qU|renents and/or i mproves robot cycle tinme.

Furt hernore, the cooling tube has enhanced cool i ng

capabilitie as .a_consequence roved a

Fid ot Egtal Py BaPmd it PSSR | HRDHH AT RoLding machine
incdhidéngati vebenbadidhemds o6f arhet pesent i nventi on

provi de tube assenblies that are capabl e of vacuum

form a, holded article. .9 WO 2004/ 026561
PTG AR 001 336°5CBRI OF ESEREBTI N TP IS DRARPNSSerbly
acdexeiipbary e myodiamreds egbotiheept eserithd presenoninvéhtion;

nom1be described wth reference to the acconpanyi ng

1 is a plan .view of
FIGt yp? c%gpjr‘iﬁsec?u %%Chb?rm%g%}hfch?’ﬁ%gg TS r%ﬂiﬂ‘{gh the
cocdridhoe rtakbef aasembbpl ¢f . Oh&l BIG2 depinbddimersectwiorh a freshly
moﬂdg@pgghtajggpliggbédube assenbly according to a
preferred enbodi nent of the present invention; FIG 3
depicts a sectional, but exaggerated view, through t he
FIcoo! i dgpiatze aassmlﬂmlqn ofhtdheyhFlthe Zcaibodi neris agddmidy of
f Iy S aded; FIG 4 depicts a
Um{é?%?on t rogﬂﬁgﬁﬂéEgg%I#ﬁgE%%ge assenbly of the FIG
2 at alater point intinme;, 0 FIG 5 depicts a section
FIG.hrougépidtes Caoodsecntgldmbteh:ﬁs@ﬂtﬂl@e ofoolamaal tuFanad sesembly of
t; deplcts a view on section 5-5 of
an_%ﬁ%%%?ﬁ%@ $§%§im%% eplcts a section through the
cool i ng tube assenbly of a second alternate
Fienmsodiepents andidw Gn §edepbat 5-8 s£@I@nN 5t;hr ough t he
cool ing tube assenbly of a third alternate

enbodi nent. ;0 .
FIG. 7 depicts a section through the cooling tube assembly of a

second alternate embodiment; and

FIG. 8 depicts a section through the cooling tube assembly of a
third alternate embodiment.

FIG. 9 1is a sectional view of a cooling tube according. to a

preferred embodiment of the present invention;
FIG. 10 is a view along section ‘A-A’ of FIG. 9 cooling tube;

FIG. 11 is an isometric view of a cooling tube porous insert;

and

FIG. 12 is a sectional view of a cooling tube according to an

alternative embodiment of the invention.
10
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FIG 9 is a sectional view of a cooling tube
according. to a preferred enbodi nent of the present
wo pwenrdson; FI G 10 is a view al ong section = AP@I/CaR003/001336
FIG 9 cooling tube; ~5 FIG 11 is an isonetric view
of a cooling tube porous insert; and FIG 12 is a
sectional view of a cooling tube accordl ng to an :o
al t cREEA ED OF RELON ODF tTHE FRR EMB INENT (S
2004/ 026561 PCT/ CA2003/ 001336 DETAI LED DESCRI PTI ON O:
THE PREFERRED ENBODI (S)._The present ven on_w |
The, o BE e s eFY BB l%tﬁsﬁ’?@& h?% d%*”’Sﬁ*b% %ig rr?spe‘:t to
emhgifiigieng spéroubichot i pereumberdal inge duber aSpUasdl tn a plastic
injdyach Orﬁbmr@ NG dRGH neal@hé&@&lgEhéh%r%%%ﬁﬁntmventlon is

entio al | li.cahl e to, an chn
rifia, SR GRg ety [THRIIIGRY cdol Vs ibr THaiop pere
fom@tmmdler t:abémn@yOQ doot |magr11 ulze urderttb,kehl ke. aFopoling tube

or eXarpl g;the weeseptpbiventigh ¢apsbhpd LQ&ARAWCALLON £ing
i.n a part iransfer rrechanl smfrom.an injection

AP GG mathi fe BHGE a SBPERERBI di“?ﬁj“a}?&éﬁ‘l nErofE| @n jinjection
mo Ishiogs machype cahd i anjdoii-on 1obhdi ngchrachi ne 10 capabl e
of co-operating with a device supporting the cooling
tube of the L5 present invention. During each
FIG njle v c%/c‘ﬂ@lciallre 1Rgedi ﬁ@nnﬁ‘%fih’égllﬂa Pricks gppable of
co-nyrreriaf pliast iac qevafcer neidfpoirtpayi strs)cooling tube of the

res 0 r..0f Vi def_ine :
or G861 SPETEIRLS MERR BLL y  nases
ma"(hr’rél BreHFes?2e THEPPR] 8&t PéﬁsﬁﬁPdPﬁaf%&% her 1prrisons)
conﬂm;lpu@hesngvm thouthspegirber |41 hallicon caffk dé8g defined by
conﬁl &h%kld%gysxl%fd 4% Rl &%d 'z;aRSQa% dcrﬁn %apul:lghine 10.
n operation, e nova aten I'S

nmoved relative to the flxed pl at en 16 by neans of

Thest ﬁagecleybﬁmdﬂ@ng( nmthMam)loor mbeudliéé(;s m%ltfaﬁntf Offecific
0 t Wi adi e

llIIllle:a%?LO% %’lg)q.dflﬂ? g%ﬁun?ﬁe use S ?é fléfcsegzé)la%ﬁg lg and a
mowﬂ@m ﬁ’éaéleanﬂ)ﬁngllﬁre‘é@%’?ﬁtslrﬁf{ ndthes mm?lehai-at@rypl%aw ymoved
rel@fiekat@s ahémtﬂx@ch apPa & ce6 (bye med@s e :t,@m&ge&ylmders

sin ydrau tem e nold hal ves
nt{ogegﬁ il constl?ut e%{a rmFgaﬁ%neroaﬁﬁ hgvi eveolﬁ’é’egr in the
maqgmne nQdeeé\h reediBo lqez,amareqmattlerdt,héhﬁ@u@h hatte egse B tie

badd mAChpd ogaked hBcRNG Of:lérhﬁlnéfwé&héhi@nat ebtldraigh) that
t.he fi xed Iatten 16moldro ot 26

typically generatés amp force (i.e. closure tonnage)

using a hydraulic system. The mold halves 12, 14 together
constitute a mold generally having one or more mold cavities
22, 24, with the mold halves 12, 14 each located in one of the
moveble platen 14 and the fixed platen 16. A zrobot 26 1is
provided, adjacent the fixed 16 and movable platen 14, to carry
an end of arm tool (EOAT) 28, such as a take-out plate. The
take-out plate 28 containg a number of preform cooling tubes 30
at least corresponding in number to the number of preforms 32
produced in each injection c¢ycle, and may be a multiple
thereof. In use, in a mold open position (as shown in FIG. 1),
the robot 26 moves the take-out plate into -alignment with,
typically, a core side of the mold and then waits until molded

articles (e.g. preforms 32) are stripped from respective cores
11
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provi ded, adjacent the fixed 16 and novabl e platen 14,
to carry an end of armtool (EQAT) 28, such as a
wao a00e/02as61 pl ate. The take-out plate 28 cont ai PGI/@A2003/001336
nunber of preformcooling tubes 30 ;5 at |east
inteOTEESPONGVAL Y IUERAY df14hE n&uﬁ&f 98 Bgefo%fe%t%n of a
produced in each injection cycle
s ﬁﬁﬂ&ﬁrppeat?heteof In use, in a nold open position (as

shown in FIG 1) , the robot 26 noves the take-out
TR 34%9%‘%@ el 1AL P o ST Bypera
pr%ﬁ%%%ﬂ%% 80P dpddsdri ?ﬁk&?k%o r@sp®Eefoencords 9a %@ the

conZ @04/ Q%S@lPE@T /peezeﬁﬁ/ 20¢33%oliinGo trm@;ecio V&ty preferably
ub p on stripper._ .

eS8 505 Ml SRR EOABEILD, Bl SEELRE Havine =

charnélﬂleat t Hee eRpee nahereo%r gppneciedt he ﬁowevdmawr tdxc| guction

unlte 391, WeHe@itnd2) coSarbR hA&/o£0Bi@8X1ly OhoBa PEle PhiiiMs 32
in t glln? tubes 30 are preferably
drréa Py shaped, open-ended, holl ow tubes, each
haV|ng a channel at the base thereof connected to a

Gen\éaeuqm ortt&élctteqze ol 1134 opesatyonal pbo AN Bher by

h d the f.or 32 .,10.in the, tubes 30.
corSRET ATl 5 tho RIS, saed S 1T o aR dt e EHkRtion
Ofkﬁﬁchnﬂﬂﬂﬁﬁﬁ(ﬁﬁQlﬁdimmulnﬂﬂn§QHuw¢wﬁrsch&newkﬂoraoywall be
undee®bbation of techniques,. including internal water
channels, as wll be 15 understood. FIG 2 shows a
cool i ng tube assenbly 50 conprising an i nner porous
FIG-nser she@s madesoprieiertaliey, astembimt 801 alompud¢hiag an inner

porPREOYS ek unh nﬁlga@ AV B-PAKOS 'oEy al hatBeiL8NgePfas porous
about gﬁto 20 0 mcrons. The p ousﬁgropertles of the

alugdpum, HAVIHE GerRFRTY aJcIFn A% eitthefPPys 3 to 20
micraner i alTheoHfdrgusairopentias chéntbal subshovaed {or generally

ach@@v@%t @r&n) i t@@ﬂﬁrﬁts Qﬁé{c‘eﬁ‘tﬁ%ll rbd’tﬁl“gt&fa%ﬁgﬁsblrtl chemical
ei are _.induced into the substrate, thereb

reﬂﬁgégu PRg 24 US FRERT nalt - S sRtu PEOCREE 718 §%h%%hh@ter5tltlal

spaaaalo@ou51hdueedhemt@5tﬁﬁneyobnbr@tea haeﬂenedpspdngeng an

1nt£9'ﬁa@r e%%@uct:ﬁj\_‘@nt {:IQQI: cafy maggm R of o Catt!ong either
channel s through the substrate materi al aV|ng a size

hongyeerheof he Paﬁﬁ%n%% SPHWR0 MAEr BFSSeaFbenYeRfgn can make
user eafli bymaanesiciag | yhawaelsabl:ﬁraﬁgler ithkes, s\ Hira@® material

hav?ﬁ§Ag(§izéngFt%Et§%§fa*ﬂ%h orfagu %CtZHr ﬁQCpgné,h albeit that

nternati onal ,
readily commercially available materials, such as METAPOR and

PORCERAX (both manufactured by the International Mold Steel
Corporation), are discussed with respect to the preferred
embodiments described herein. Porosity is, in any event, a
function of surface finish, and machining of working of the
surface can affect porosity through the material, as will be
understood. In a preferred embodiment, the inner porous insert
52 1is made from a structure having definite strength and
mechanically resilient properties, although the inner porous
insert could also be made from substances like graphite. It is
preferably that the inner porous insert 52 is a thermal
conductor, with it being particular preferably that the thermal

12
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30 Corporation), are discussed with respect to the
preferred enbodi nents described herein. Porosity is,
wo pooangesevent, a function of surface finish, BETCA2003/001336
machi ni ng of. working of the surface can affect
rosity through the material, as will b under st ood.
o L SRe PP PEY CeRBoa ReHEo L 8- P Andr TBEROURSTFaeTT akicered
cogpsisenmgdéettam a structure having definite strength
and nmechanically resilient properties, although the

i nner _porou i nsert | d_al so be de _from :
25 Gl AR e e o stR 18 CEpHRErury Phot L and
epgpnerespor bayingser mis2rasia ehdretiecnc einpudt 65;-90F t 4luminum
poderPB8hRY3BA bé Cobeky, PF&figrabl y that the thermal 12 WO
2004/ 026561 PCT/ CAZ%OS/ 001336 conduction properties
are good, e.g. a netal -based or sintered conposite
A ﬂm:im_’ai]alqoo&ingi |t|ubb_e aszeebdy obd, miVETAROR BB internal length
aLRRMICRA! bEN Dol UTlgRU AN LROXY kGO T A BE Aincorior
-mx ratio of between about 65-90% al.um num powder and
dl%‘@tﬁ%%o@"’l"ésizémA i Fhl OLbBF | ﬁjaf“ﬁﬁ‘éragerﬁﬁ%}‘%&omr
wittay hase adimeheioal | eaffidvtidigrensieon sakeaboit H€ molded
art[é@béllel eéo&m; %Qs agﬁgnﬁo%“n%[ e; %S%ﬂ?gg%rm:%n% (tii'ﬁameters

out 25mm and ah outer nmeter o

and Hen@tienEAsFBhs Fot IRRtiRY LPRePEPERIBIShaRe Msigedcooled.
article. O course, tubes may be made of different

rrdl ANEt er%acéi@air engl hgpé’g‘%i%‘é',t the chicffo%‘é ar; preform, o
Shape ber ng cool ed: 15 From 4 practi cal_perspective

PrefRrapdvolecrAsar £n52 itabepbefer aht ywhoeht 28 PhrECwRdRd by a

slé@hﬁé/ 535|4 oy 1chd Scisitieagnded @yasaagawgyyﬁ 58. aeobpbgonally
channe or. pas . [e t a r

ot ﬁérvﬁté'leélfwolr ired g%ﬁ%\%g%%ijgge ett%gblég od_‘#ﬁ%éﬁ‘?g >4, and

costIw ey TSl nEldidi Bt (2. firai r9as.gaar brayiduitd gepl the

bodP054 t K83 2@nBodnsedtame ,t h@uisNsBfdwing, HdHtS £ t1ge molded

plabs aitc ffsomct he ge%or%LgStiinc r%rtSI n tEP% po&)oo Sin channel
Fhser tP32" I:':‘élph ool ng ghanive prefer aabe confi gﬁ’ur.ega
prefenedly acerbiguredt iton kavgrissi syogs-peuradn t yogpbrising a

pldfLuate, oel ongatgde sl adivnphicel exiend afond gkealeraround
t han % of cum‘.ergl{r}&e of an %nsn de_di ane

3 C|d£_r i.g aer o% a ¢
ITF G PER iIAVE SolT Kg " CAVTEY S 4F t 8F ndli vBFYYSt AttisE °f @
reqwfri§e  cooldngi mpivithe dhrewtratitdedynal thecosleedbedy 54
cold1eMmSiNkpd 04: Fedute ansandi Ned-Q¥sT&d | c¥ebgMea®f sink to
%he t ubes and end-of -arm t ool 2],:8, 1glarow ded thgt tge
re aSIﬁ(lePaneC p%*ﬁela-zéa Vﬁlag?a%nf the tubes and end-of-arm-
tool 28, provided that the heat sink is capable of drawing

sufficient heat from a preform in unit time.

Seals 60-63 between the sleeve 56 and the tube body 54 contain
the cooling fluid in the grooves 4. Channels 66 are cut or
otherwigse formed in the exterior surface of porous insert 52
and provide a means to apply a wvacuum through the porous

structure of the porous insert 52.

Other than the channels 66, the outer surface of the porous
insert 52 is configured such that a good surface contact is
maintained between the insert 52 and the tube body 54, thereby

to optimize heat transfer from the porous insert to the molded
) 13
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sufficient heat froma preformin unit tine. 30 Seals

60- 63 between the sl eeve 56 and the tube body 54
w@ooimease1 t he cooling fluid in the grooves 4. EIEOA2103/001336

66 are cut or otherwise fornmed in the exterior

rface f rous_insert 52 d provid a_feans
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tlra@mnam_hbn %\%Eféﬁ:‘ﬁ\f @ere% of n { R RO US NS Bt co@§1ng tube
sh . Thus is 5 conducted fromth

as d5 Iastlc part 32 to and through the porous
insert 1-to the cooled tube body 54. It is noted that

Uncﬁé}.e 15&&&.‘1&; @fd%%tegﬁt |0Qn @Qcmﬁfmt hg ar %feqr [Ehég éﬁblent
Xa erat ed in FIG 3 and that

o e e Al e St Simis ol air to

flowt tlodueéd thnd opdbheusodhkagt t Bbe frb®d af}menirls;n&i) surface 82

th éﬂaﬂ'ﬁ%ﬁ'éﬁbﬁﬁefgﬂéé‘”bﬁﬂ %ﬁﬁﬂﬂ%& %Frn, causes a

ower - t han- anbi ent pressure 1I's present outS|
Loygtsdhpnsombi eRs BRESFWES afF EloP PHERY t FHBtRAL t e the molded
plqmmmja;amserctaﬁasarfg ohtt he mpskedensur faeea8?2 Lb dbhetteofinner

su d BHo, gh@ﬁ els- 86, TS esHstion, in turn, causes a

ower -t han- |ent pressure at the outer surface of
t he nol ded pI astic part, causing it to nove into
In C@nPHEteWiﬂ‘brﬁrfwlﬂ ﬁﬂﬁfh asmzfqam@Rszlﬁéei—heh@ei@ngs—zo micron

inti.é’l:%%rltt ég V:Llorn I’in’e cuu}nh ‘rjlrle\a/gsr@reosQ for the
I nsert aV| n %0 erstitral Ep ces,
Sy%ﬁﬁfr aconahiggeden ‘m*é%%lmrfése frangehet §§7>§t1érnlar g0 30 inches

of atﬁéhtcﬁik@m(@s\Mnbhlan they gﬂwée@{( eaBeubtlént puldh) | NERRSver, it
rc ecker, .evacuatl o .

e ubber et P Bl e R R VR B ipbure 10 a

ul‘u‘xﬁa@ﬁ;@ﬁcﬁfpﬁ%@@mene@ By ~3apft igatefyndeier npabdthy fPeglkpnical

prégerdibuneti one Gfladtie-dTachapigal properties of the
plastics material .

Of course, rather than applying a wvacuum £rom the outside of
the preform, a positive pressure may be applied (by means of a
fluid injector and lip seals) to the inside of the preform, to
cause the preform to contact at least a portion of the cooling
tube inside surface, although this requires a sealed system.
Any appropriate pressure differential may therefore be applied
between the inside surface of the cooling tube and the outside
surface of the plastic part, depending on the shape of the part
and the cycle time provided for the cooling. It is preferred
that the entire outer surface of the preform (cylindrical outer
surface and spherical outer surface at the distal tip, i.e. the
dome 80) contact the porous insert cooling tube, although an

outer profile of the preform may, in fact, prevent this along,
14



O course, rather than applying a vacuum fromthe
outside of the preform a positive pressure may be
wappkioade( by nmeans of a 30 fluid injector andPCT/pA2003/001336
seal s) to the inside of the preform to cause the
ref or LGon e Rorti.on h ¢Q0 in
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‘ pré%lbtx‘r‘}{ n&ryOfHé %r%ﬁl\%%@e RSl QLAY el Bof Bl RIEYCHLe cooling

hi s al ong, 2004/ Q26561 PCT/ CA2003/ 001336 faor
tu}jéf‘xarftﬁ]?bl%nﬁ CANARET y POE5E PPN oot 1S oR* 84°%HF oXeiatke tHeruoht
intmecontkichi ghtbf thdecprkioy mdis ddoweverert hémeoolhngeneral,
thd u*ﬂ)%eq_"ggmvaféjurﬂn Stcrolill%talé“ce %¥hbetkg§s'c%%qqnbo *E[ﬂagg 50 for
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sufddGieng ttdpme, %‘é(eni—o‘? ngldAvt FePysh| Repfdipdr Pfdetéﬁgnpreform
witarehtt henypofédrond §) dbhlegeofarrie;edgng wdaal itng.s &'egsérfc‘@rn,t upon
préé%% ﬁgegmépr PO Ll RLEISULE): By gffo%ﬁﬁ' i.ed in

wo, or three' or nore stageés to effect various

cool | ng profiles of the plastic part. For exanple, a
Thd hhadosgiayt b@ntak aorpuef anseraysbechs obghlowdied to improve
thé %@a@éefgﬁféﬁc V\ét huﬂa C&ﬁlfla%% 89)t Bgetﬂghbgg @s insert

hi nner portion o Jf reformmay be t &)

52 ééht%“tta\ﬁ/ltt Hli:]het]é%om? @Lm?@%&wa Haatteﬁntiu fBerghy minimize
anygenaikdng ofhehpr fb0asd i satt’ £ alraticew RBALBENGOBhE NGorosity
of Lé‘i’pedll%osergr S%hgigém k?(?x}rrﬁ\;%mﬁ?hroec%%etso ﬁl largwo ggsgbr passing
thea?qfénrﬁgghw £h nasiestdepbriieiedupbion _gapr éeoripplerated 'since
thifBt@fdRlnotS| A CiQssites 6aid Oélﬂed&r Qf1 | he H€cuum created
or pgiﬁfﬁf% Oftst h‘:‘?n 81%5‘931? I nSertc:?a f becI owered t e molded

i iprove - the surface rhi SAYCT- & ¥ nRgPSur PAEE ot
pantie p%)lﬁléﬁ%q neseptacisy thecoimsﬁ@ttrvm ahl t harfibpdedeases. The

alrml@Sot iﬁiégr bnﬁﬁd atfhféfzfeby HAI gﬂ)é@d' Qta%ﬂﬂf king @bcuum is
e art r ac UCI n rosit
Cre Rhs & 0 paﬁowe tel%’&g %&@rﬂ o‘%l% Sofcube 52.

. POIerltpfaSSCIQOﬂglcttLh@r etlﬁr Olﬁgihle,&(edndém frtllldWm@duo&md)n gaimding

prdeduelar at\ﬂ%rﬁéa@ﬁeadﬁlﬂt§o§&)ﬁs pRlcc@ieattdpd MedesthRing or

ff he vacuum create
eleectreltc::t sc arge can clear gebrls from surface interstitial

spaces to increase porosity. In any event, flow rate through
the material is a function of both applied pressure and

porosity, as will be readily understood.

Inside the cooling tube 50, due to the partially cooled, but
still malleable, state of the molded part on entry into the
molded plastic part, the wvacuum will cause the molded plastic
part to expand in diameter and perhaps length. The molded part

is subjected to a vacuum applied to most of its external
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or diminishits intensity, especially since, once the

nol ded !5 part's surface contacts the insert, all
wa@reohxssceases. The airflow rate only affectBCT/82003/001336

speed at which the vacuumis created when the nol ded

art 32 injitially enters the tube 52, Por03|ty ,

Surlfééfﬁct i B+ ACHT eVREPERA T 1SUHG<End gr iMORGS to ambient
prepsoeedur es, whereas additional process steps of

stoning or to electric discharge can clear debris from

surface interstitial 1Pqeaces to increase porosity. In
In FAF-evenfUPPPH F2iee ththwdh then@otdedr Parti 32 aprevents the
parkuriddmorermferhatyh fappheedipeessuee tabd 5poe@s3|ﬂne, m&t cools

Wi re I n to !

an éhr&%?{s %gh%%r%%alzl yocgloolv%éJuugnu%? Ev? t(Iiﬁ% H%%g%%d ot

thespage GPTEREr nbrll%oﬂffar’ftuhﬁq varitley thet SUPhert nbPderl pPrevents

theplasidsedpaid, - fixtm \éﬂﬂqwmlw | eausel té}@odﬂﬂn@e&splﬂfet Ivacuum
part .to expand in, diameter an per

canldt she TR e B BR8P SRR E O s Mingre the

clegfrapgs ekh@tnaimtlleam 2@9@/5@2565@%@@%(:@@@3/@@4@% outer

surfdbbacgnaWhinee kbsréfib@idilg suhhaee ssr@xRosed tohe porous
iIlSan‘;gl ggt pressure. In FIG 5, support |edge 100 of the
ded part 32 prevents the 5 part fromentering
further into the tube 50 as the part cools and

In SJHeI r&e%e |9 tl18eeaseasthe aeugrrhglw abem@&pﬁcedf@dtdlres,

art further_into e tube rt
sucfe it BPB Ve T o Re. KR é%%ﬂatﬂf% bol R A appt be
SUb@ﬁbOdlLﬁth salteradacuumhaceuses inbe thast expachimyechase. The

con%a@aeawoﬁ ubsd antialdsy &ld mrﬁe&%atlhalﬁeﬁéf&ww?e éﬂ@tpdorous
urface an

. initi % eX|st bet enstﬁﬁafe agt s outer ,
1NSERE ¢ eqs‘i)eonﬂ’la g i N Cac &16f ‘?}Fé“?ﬁﬁroug‘a Fhg&rtor 1s
sligRtlyn tdmyegasehaf wbederyeapbndipar tdsamavieng of the part
belglbar@;cfléafe@t_&ge revén@ﬁ?d“ @ﬁbyﬂﬁnﬁﬂi’lﬂr g!i.¥f1§\9§fr§jj of the

portion 84, these wi Il not” be substantially altered
plaskichBRE dthdRfy thi s expan3| on phase. The
configuration and size of the internal dinensions of

Endl Eeaeomsmf n§f<]5t D2 Al e pde e %%hehdt at fbe i eJube 50

mat ches or I's ightly |arger an_the correspondi ng
ProyidRat et died e E‘értm@”ﬁé%?(g esbrksh hud€mpr e?ént’??@essaxy
maistthshantital whafunguwl rigiof thBe agseablli/Cc pat t tehap@tinue to

cauggdtﬁgaba}g48(o{fFﬁééré” f@i %Q%lgﬂgn fnghgfp$£ghs insert 52
that do no engage with portions of the preform, such as region
106 shown in FIG. 4 below support ledge 100, then the end seal
104 is regquired to ensure that the molded parts remalns in
contact with the inner wall 82 and thereby to resist the effect
of shrinkage of the part 8 as it cools, otherwise the end seal
104 may be omitted. If the wvacuum were not present, shrinkage
of the part 8 would cause a separation between the part’s outer
wall and the inner cooling wall of the insert 52 (and hence a
resulting loss of suction), thereby greatly impeding the
transfer of heat from the part to the insert 52 and into the
cooling tube. Thus, the continuing provision of the wvacuum
ensures intimate contact between the molded part’s outer
surface and the insert’s inner wall 82 is maintained to

maximize cooling performance.
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provides a neans to initially establish (and as

necessary 5 maintain) the vacuumw thin the assenbly
w@pa4026560Nt i nue to cause the part 8. |f ther ePEr/€A2003/001336

sections of the porous insert 52 that do no engage

with portions of the preform such as region 106

shown in FIG 4 bel ow support |edge 100, then the end
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maxi m ze coo or mance. 2004/ 026561
Pumpcf}léﬁée@@) OOi@@Gth‘Reﬁﬁihl%@ PHEEIRE Bon Hd'q pe assembly
50 agsehbs yphékssdwaqureferably fastened to a carrier or

take-out plate 110 by a screw 112. The insert 52 is

retained in the assenbly by a collar 114, which is 5
FIGERhr eafiefl BnEBoVhar e"i*ﬂot%ﬁ"ﬂattﬁé?et GBROHSESNEATRF & £LPEY tube
1500rn GiHiemmM iSes coukd dcbdy adhyantihehece@neenti aral SBearsmlaced

w1tﬁ|u90|&ﬁgudghu%gb h@ﬂgﬁscbﬂkgln&1§nt§%g?ﬁ %ﬁefﬂggchannels

annel out are provid carri e
An B IID, AEGES TN éﬁ%nrfé?rﬂ(sorth%a@%evﬁ%y 128dj gontains
1ntab§@l peovites d¢medda scamni ehapl atte 210ernd:Lfyt &fonnected to

f ti t .
exchUdEpont, Rl L0 0T e SLepoatly e KESUILAS qopuins

ringgodah Pass f%t@r&ﬁ O%néh?héubarttol saEpdeted theofooling

c1rt:ti@tt§bella!§§g3d"’imw 50 ﬁ&rétﬁ%s Jressuhe. inbert Gs16®, anthving
w_an %EQ e errb i ment for n%lcc%ol [ rg:gle t ube

eXtTEBal n WA Xﬁs boay B EndYRECY| 68Ve BFe VG 1S
locpgpfadédsidet Hhen @qlrl@@eotlthﬁ)elwﬂat blz’o@t appEamt Beff apnd a

col@@@' lﬂ% ca@aa@héd N ehdMyMwd exd r usi enréécz foer NBnf hether

cont al ns nt egr Cc nels
conpHAF: GPeY P TRT T JoLBRRGETod L6 D BRCRGTREY by T+ocened
to grlvovesribératpledch bh(bl ot tdmey t §be.talsbal @@ernal clamping
means, such as a bolt 168. This altermative embodiment has a

lower cost of manufacture and an improved cooling efficiency by

virtue of its extruded body component.

FIG. 7 shows a second alternative embodiment for cooling a
molded part having a different ghape. In this arrangement, the
end seal (reference numeral 104 of FIG. 3) between the top of
the cooling tube and the underside of the support ledge 100 is
not necessary. A porous insert 200 is held within the extruded
tube 152 by a collar 201 that is threaded 202 onto the top of
the cooling tube (in this case the extruded tube 152) or

fastened by any suitable means. The collar 152, typically made

from aluminum or the liké, extends inwardly to conform to the
17



rings 158 close the ends of the tube to conplete the

cooling circuit's integrity. A porous alum numinsert
wasd4/obmei ng external grooves 162 that act asP@I/CA2003/001336

channel for the vacuum is |located (inside the

cool ing tube 150) by a spacer 164 and a 5 collar 166
inngrt pehetled shrRPe ubet ML @t hosad ayd afy Yicheimsert 200 that
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152 by a collar 201 that is threaded 202 onto the top

of the cooling tube (in_this case the extruded tube .
Methgdy Gf faREeRFY afydsuisianl ethafglTRe doegr (in an
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n i d f t e 0] 6
cooEhg 59 0ar Db 5L S8L, P el apd e MR %”f‘v%ﬁ 2derly,
a PEREUS CORELINsEe pustFactefaiRhasCopianse ritghopy of the
embbam@mtst&tantm@qbréﬁeﬁmanpantlbﬁl by menefedturdie by milling
or C%tlr%ro'lﬁlgl aorggéﬂerf’ ag Mé'ﬁé@fﬂ egf %%%Ms tc%olimg
X £ vacuum a I|e R orous | ser?
tubgheiBSpHEEt B£BAexp&R 1Plﬁa35| z]@l‘%o preiematelss fuqooégagnstfluld
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to [he, e8t§news héwtael Fﬂ91§%<&l p@;vo cHre proviing figd channels

mayned‘ee&mmy nehéBdbs&Ealhdihd OrPEr Rubed \GACUMHY 119 DEEBHBI by

effective ‘after the | oadi oser fittin
plagipd AVELROER Yok STt GOt RGEndoHaP oY HENs ol o ur Face
of thbepotpwns atnseper Afdwnwal Cémmﬁbﬁn@w)b@fmﬂc@q)r@s@mtruded

on'éﬂ”ﬂﬂﬂé¥1%fkﬁgaéﬂ6ﬂaiﬁé §§E&ﬁ@glﬁggr@arbrfQﬁga%b0®rov1ded
een_describe

d
i B PR T e KON et o CIACER S or HARGPRF ITE ot pguter
suréabedi Mbet slofsacheepd eséntthenveamtliiow i sulrmnudacbar e@chined

intBY tht! kLB, 9£ ﬁé&f Heiheh e oIy tiheassamlite open end
haV|ng or ol i

llng :Ln er A%proprlate seals are then fitted to

either end of the cooling tube to provide the required pressure

management, as described above.

In operation, the just-molded plastic part is extracted from a
mold cavity and carried by the carrier plate to a cooling
station where one or a plurality of cooling - tubes are
positioned. The plastic part is inserted into the cooling tube
and preferably sealed therein. Then, a wvacuum (or partial
vacuum) is applied through the porous insert from the outer
surface thereof to the inner surface thereof, causing the

plastic part to expand in length and diameter to contact the
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tube insert and, optional but preferable, cooling
fluid channels. The porous insert nmay be polished,
w@imvadel or 0O otherwi se treated to reduce porPGI/Cyx2@B/d01336
provide a finer finish to the exterior of-the nol ded
art. The cooling fluid channels may be wholly
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extracted from a rml d cavity and carried by the
Thigl Whakt Plagt &ded @e%@?ﬁb@g lS 5ash@bb@nc%§£§g E‘Sbs?ra@sembly
fo rpl aI | t&o%fedc%%ol ng c% ﬁ posi tjoned

pl astl TRV $OPRLER: 8 PﬁFBl? LY c50P1 7Y Tobded &prts that
Proﬁrléﬁér &blneaienl el vhtredim Theinate vactfamd otopeddtd dbetween

theV eums’ |e&t@995&egukhﬁeé'g§n&h@h@"iﬁﬂérﬁ{@e&go% \%Jk%ce of
Ehe uEgbe %turface thereof_to the |nner surface thereo

catisThg FREVP0 PiasEPRI B t W6LexpaF | ALFehesed apgst mold
coodiiagetievice poafarsblheusds AN20044 026561ightly expand the

pa&cyow&ow cddiRgr surhace 0fy tgbe rpﬂnocl‘%sﬁ_n' NS&itber as
ar‘E 2 gol [ ng>§ § circul ates through the coo
Parhamers, P¥t FRYZRBERC Hirgm ShtHg: reoﬁé"laitnst@‘)l%l,s to draw
thenhbeh away afttan édwt cboomit fier fadaded part.  When
sufficient cooling is conplete (when the exterior

TheSY! rfaces 5, of the npol ded gart have solidified and
CadfiEREE YT M2Y gRrdPPyPe tFrSadinsn with ereaseet to

erbgdimeies noldedhpalnt tie epectmed, thbe exadPlds | BHO &ktruded
tu]ogI anlQre§Qi"LPCPéCP odlf %e%h‘b@bi'xgs arﬁoéui[l Ve ressur%lastlc

be ap I I, ed rou vacuu anne fore
anFﬁél%l geddpagt W%C&%qnﬁhe ae%qouﬁé tifise. pree*ﬁqms inwhation is
equhdsy bepplilesici¢ bed kaya teenablegel uﬂg whylke, asf%elil’@wng part

foranE:L&he écgwlql\@e(ézfc%@latn%egf: % rltnl'l e C%?'k]%%jl m)c%Oéﬁlng tube

p r rovid ans O nul n
g?‘?ac;ék@ont E@F befaeaie, the present invention can find

appllcatlon in a part transfer mechanism from an injection

molding machine and a blow-molding machine.

FIG. 9 shows a sectional view through a cooling tube 350 of an
embodiment of the present invention. The cooling tube 350
preferably comprises an extruded one-piece tube 352 with an
outside surface 384, an inside surface 382 for operating on the
preform 32. The cooling tube 350 includes a cooling circuit
for cooling inside surface 382 that includes longitudinally
oriented cooling channels 354 formed by extrusion between the
inside surface 382 and the outside surface 384 of the tube 352.
The cooling channels 354 are connected together in a desired

flow configuration by any number of connecting channels 356,
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the part's' external surface and the internal cool ed

surface of .5 the tube during the cooling cycle. The
waele@slased post nold cooling device preferabl RCTIE8%003/001336

vacuumto slightly expand the part to contact the

an%o%hed surface apd to maintain contact as part cools,
her'éby” codﬁ%%r%k???@FsﬁPPﬂR%@%dtﬁét RerffCs dRagy sink of
coqlmntparhranghy imben t bedcooltedts wHaatels' Botheapdesept  The
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352errJO il ia
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38pararidc ixends beitweanplast be mbﬁheebbmﬂn@ﬁbﬂaﬁﬁbls 354. The

IM%';LHS cﬁéﬁl@@i’fg%gg‘%:pé e&%’é %Ven cl;]ﬁo gfl %I %gai):nagq rings

appl i cabl e to any technol og
%(Hrﬁﬂ%(ﬁ?a%ﬁﬂﬂlﬁﬁigﬁf3§ﬁat1B§ﬂﬁd¥§9uﬁ§@l¥aﬁéﬁ,byr@.retalned

in coaronyet abether toheahd Kgasdare &Mo@llhaetﬁﬁgsﬁi‘@ by snap
Ao enti i p ation in ap
ione 9 £ Mo dPILLERLED 40t b0l USIPLE 0. o
funh ABFUVAGS nAcRPRETaD Fl@ d64hbwsertebciimnaltsilewe and
retiinedglbya ehotldgrt BES , 356hoOf cé{itg@ﬂgg%'u@enﬁ6@f 1B'a§ud1ng a
t i cgpling tube referably
con& %§§?se%£%ﬁﬂ%xggﬁgg %onggg i ect t (HEPRSEF S hagy] Otherwise
Op%&@?§?@e®%u??§c@°8€%m ah @nB¥%ﬁp$mn3%me B8R éemtral plug 364
als@pefﬁtld@wnat lh@r&ssﬁh&f Oﬁflhﬁlgel TrBe:)4|COOkag édafﬁ%c%§Qn to a
ceol i circui r_cool i |nS| e surface
vaCME% g’%S}?c?nc %degg?oﬁ ?O%ﬁrﬁﬁﬂﬁﬁs%ﬁﬁﬁﬁé Hgnsfer of
2 pedrRB| 32 3514t¢>or-h9dc99lm riusheord et weBne tdmolamudﬁet and
outSetf acleard®A sandobhesQut sigde sur f age ?t%%qun h@li‘&?}ﬁc being
e

T coolln ha nel 54 are connectéd tog
pr0%§aed égq?é cBEF?g%?gtlon by any number of

connectlng channels 356, 19 WD 2004/ 026561

ThePGHA2993/ @Q‘b@%@ab@{)d c‘oﬁ’@r%@g' ng GhLC Cﬁi { 0%%:9%&&1 tube
cooligt t hrou

Wltou#%n?lcﬁ ﬁ%%fscggglﬁ%dcégﬁne 560ﬁ%€¥ﬂ|Wﬁ¥'&ﬁ§ﬁhe@scross
secibgnat eptotbledsatettsl t Gporana bade ebnyebef Ibdpes. Using

conbehWEs 1t hr%c@iitrﬁh@e t%%[’lﬁ@&@eg’sfle agPd A8 i e, Soal zﬁ.‘ﬁg the

end befween two or more cooll'ng chann
Cha%%%ﬁgT%§£ ﬁ%eE??nﬁ ERanfRPE 358 EFE- cll8sd§ sgnerally not
praghbcal deeybyldseaallargqtrh ngs absh8. 4Theaneealtheg dilaRgSed358f the

cutt@ﬁ'b@i @@é‘js é?eqfe@' € i %Qeq&? q_be%ggf'lo%\fe c%tolgltl]ge tube
madeolgy atnnls mech%fd tt%e a%o%usﬂlt;]gly small range Therefore, an
extruded tube can be identified as one having an integral
cooling channel having a length generally greater than four
times the minor diameter of the cooling channel 354, or one as
having a substantially constant non-cylindrical cooling channel
354 shape.

The cooling channels 354 formed in the extrusion process
provides channels for cooling fluid to circulate in the tube,
extracting heat from the_ preform 32 through the tube inside
surface 382. The cooling tube may include Ffour cooling channels
354 (as shown in FIG. 10). The shapes of channels 354 are
preferably arcuate-shaped, elongated slots that present a

larger cooling surface area than drilled holes. Preferably, the
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rings 366 or other known fastening neans. The cooli ng
tube 350 .o further includes a central plug 364
WO p@entasel i nto its base and retai ned by shoul PEr/C38003/001336
the central plug 364 including a contoured inside
surface 303 for supporting and ot herw se rating on
cumpfatpvet gavblan mrdestm 32. afhe <lerasaiecpl %gofaﬁsMSal%ater

thahnqweae@rﬁsﬁsswﬁ@ ah@nmak 384 enforoonaent icQBnbatad slot
cuum_source., fg{ t

se assl n .
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ug 3 DR 1323 RLgRer 22 LESES £ ave to tn

wor, ﬁe Bl8€§l% ?fqﬁ&b ﬁﬁ%t cool i ng - ©

coodhahnelist85duitivat ¢h@tham@emdmrm@gnu%e@t$@bﬁﬂaqﬂkﬁhIR@rtlon

of S%lrﬁptlt@{j ;frrogdl Tra e 49, radt}Qae ﬂ{sﬁﬁa%?frfalé%' r]ﬂiZ thatt contacts
conventl on [ ng ecponi qu 1 N 0

they REREREN AL CHGMHETS 388 Greh e ‘Ciedhen it Dy rate of

cooEbkGL bmppsrgamebaltyendbrﬁepma©550wecbeynnd @rbémgehof the

cooqfanﬂb%!ﬂgnﬂei'g@s f‘ Ftﬂéﬁnef:l@é ﬂfeféﬁe&%éﬁaﬁ'%nnel 354
used, thereby limitin cool in

croﬁ&déeﬁ§l?IFﬁ]s %?Fo]oetgraﬁl%%u??abﬁy ik %ilﬁfg llghtwelght
cooIhegetnbe 35an tlext rudedltsiben cam beeraehtndsedraBiaien in

ene{]QﬁQn ﬂl%tt%gra?és g) | g Eﬂé@nﬁllayh%\él N&brfs 1 fRYR e glven

greater thanf our tlnes the m nor di anete
SOFle €617y RIRhmASSIRLIGe SREI4LS WAVATHE £52 cubes
(i subs&amhmahéy ¢drsikandssanbly| whdhi cal sebel iofy ¢hdnneloling

tub%é§ S%@ebgh%lggghgagr OVI?{O%}?& Séft oguqﬁdh'eﬂcéhQOwer cost

ext r usi on ocess channels for cooling
robptyi B t @ecﬂfﬁﬂ a?@d/ﬁrt FkyEEY  Eha r Rdethg tl'%afnoT’?onﬁaSter
ther®ypeel dtidnsdanet kfelghtihe snderdhisiide cavrfaceod38Zuption.
The cooling tube may include four cooling channels
354 (as shown in FIG 10). The shapes of channels 354
In #te a(JﬁleéﬂéFJa‘Eﬁf yeRedigents pfpddie engREELed. sHae steatarcuate
shaplees8idnnals| ahgeh coolr1y swofaseldarea thangddi kbednly two

ol es. Preferab / 02656
1ar§€f7CE%GG@&%OligépecundFat|xg%éﬁggla%@exﬁght ong | channel
repalegRgatedtBe ot SnPBL greadder the hatthgn deke eegutwre thereby

sirpngdkangexieoreleceaal ehengeledsd ot being the
neasure of the contained angle of an arc concentric
with the cooling tube with its term nus points

Thede¢emiral apbuormxicAurResietadigt hinhhsiegh ehesitongatednside
sur¥afl fEhgBasd@P@o substantially match that of the part

being cooled. The central plug 364 1is preferably made from
aluminum, and functions to cool the gate area of the preform,
to define a channel for the wvacuum, and to facilitate the
coupling of the cooling channels to the carrier plate 11, where
necessary. Provision for the pressure channel 394 is preferably
at the plug’s center. In one embodiment, the central plug 364
is retained between the shoulder 367 of the cooling tube and
the take-out plate 28. A tube fastener 368, such as a screw or
bolt, is provided to couple the cooling tube 350 to the take-
out plate 28. Alternate means of assembling the plug 14 and
fastening the cooling tube 350 to the take-out plate 28 may be

used.
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works to optimze thermal transfer froma preform 32

due to the coolant distribution that extends around a
w@egn256i al portion of, and in proximty to,PCTHIEA2003/001336

i nside surface 382 that contacts the preform 32, and

al so due fromthe high volune flow rate of o cool ant

ExcHARRQL, :eﬁhann%{ie %ﬂ{%fsl%rn%ssofeg ' 88? Y Ofcuos 03*5& Neor an

cool an t he the preferred cool
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a E%b&bs&ﬁt&tiv@fﬂlﬂﬁgght o€00hbangt t ulrdb0,lohbat éﬁSUiﬁEérlor
dia'm%t%Q %‘fef MBSS,r eduet | QR J &“ ailNe. aar %'ferb%h %imm. For
5e consi derabl'e gi veén 5 that SONE
sucélarém e?‘r]BJr*a]f%fYas@@?#)élﬂgest‘P%d uébeumm é8gofchagpelghdsd are
preGElerlabl§ caﬂé@@f pllﬁmmasseﬁol ytmié]th&SSﬁtSaggu&M 80mm  in
coold ng_ tubes ereby..al | owin r dut
ClrGSREs TB%Rr bt £ % ki)()too By e B ?e&rgh%? &Ea||OMAn3%ﬁ%§h as
tubs)) atie taecmvéefnaéher Oft kerebg, savbag sbnditferent j fiameters
and@NARMEC 18N ®ed Yna@RN HHTRI 1N thd éébmy@l @ naty Vereform
enbo% n@gt of the invention, the four arc g F 354
2, chaRfel BAFOWTIRR FIE LG Bl dobet RharnBd o offgeish
dlmeasgensaﬁﬂm%uR93§h@ées ( nBte showhingotthat 36fAe ichapmeferably

madeepresent smihed nput and the other the output, thereby
5 sinplifying the connecting channels 356.. The

central plug 364 preferably includes a contoured
Acciomdiide ®sur fhee r3@8eshapedangisubstant eattydimd cbrbhass is

use‘a‘c %&ef%ﬁta g@b§93§92|1%@lua!ﬂ§gc%ﬂhr %loo@ELH? %ﬁﬂinhéls and a
Jpre a e fro al u func |ons
@oolt%teng“éaet é)rglfggag}lyt ﬁézﬁ n}‘h FEL4eri 821 any of the

plaghargngarter deseivadutiog andlungfamlunanumhduaThe extrusion

pro%%'éel g Ofndihe beohiing channe! solphd scar"fl’l§rt19}!>é‘t§52 is

wher e necessary Provision for t pressure
the@haﬁ‘ﬁ%l 94 1PRIHY efaadabﬂ}e ERRE =Y a@r’éa%eema@fi fRy other

desdmedefbadinent ( deﬁéaﬁﬂddnﬁeqM1ng 364nnbl¢ S35t adarelding ring

358b%§f\6’%@@st hgnéh&g}éd&goﬂbt qfnalst Zoﬁ%@%%ngrtﬂpﬁ QLPPE élﬂ'ﬁjnels,

t ake-qut plate ner suc

coupd i @FruSBPFG'|§tﬁrvaH§dtP€nc€ﬁﬁﬁén€ﬁe Egghqﬁqu@Beplug
364350 t chéhembakiredutipl1aicd nd8. adilitneyr nkdsd ridd@afSeafures (such

as aécc'c?lrg}lﬂ n199(5 he3§’£ UQn&4§%%%2s§E%St§-BAIH1%1t thZBom I %@e%tral

350 t 0 t he take-out
plugoGfyd 265l PET/ @@W@Ol@%@ls E?(%ﬁf&‘hﬁ?ly lpﬁ}i@ﬂéaﬂ into the
coodiipgnsiuess 850 endl ivhg tubel 3P FOhg&N 358 with seals 359

installed into the sealing ring grooves in the top and bottom
of the cooling tube 350, so that the entire assembly is ready
for installation onto the take-out plate 28.

In a preferred embodiment, the connecting channels 356 at the
top end of the tube 352 may be provided by machining through
alternate separation walls (not shown) of the cooling channel
354. At the take-out plate 28 (bottom) end of the tube 352,
similar alternate separation walls (not shown) are machined to
connect the cooling channels 354 and provide connections to the
cooling fluid inlet channel 390 and the cooling fluid outlet
channel 392. Alternately, the cooling channels 354 in the tube
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arbitrary preform 32 according to the present
i nvention suggest a representative |ength of about
wdaQ@aedseng, an interior 5 diameter of about 2BOMCA2008/001336

outer dianeter of about 41lmm For such an arbitrary

ool i ube, the gookin annel 354 r r abl
Wal;bSUPT% %)rermCIORn néelsse.gc’gj&)ui%o xafespo%cﬁ]}x% ?)%r s in
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pre%lﬂguﬁ?llzdl Hgséi‘{ﬁ@&e anne Oépgfer%' r&ﬂ)ofdg_ﬁ{eﬂ‘:es of the

suchas conneciing ¢ sealing ring 358

invgpbe9Rs, and any cool ant inlet/outlet or pressure

channels, coupling structure, etc.) are then

In .n%hl g_%%rngggvge llell H?e 8’164 th% tﬁfﬁsé‘fﬁ?hﬁﬂggntlon (not

inclu esited features (such b as coo ant
shoggy, thg2 caﬁalaﬁe§§la?el%haﬁﬁévdes@ﬁo e raylindigally-
shapéd wubb aikhneaessai e sgatsads, tdenoninsidd |ad flante0 and at

leatstgelong bﬂgnéugﬁ?l%?d& %’IE %gﬁﬂ&)?aéﬂ n&lé 'd’{ﬂ:sars%%f@‘akg of a

Into the sealing ring grooves in
tubpfart ééeaﬁa bBEEofi COf X PNE oBF nERE be> B5EHSRRPHR R Losing

thet f&o@mhgr ehaﬁﬁenbl y54 S readys 8réopronsdal lmdtwarnonthe tube

350t Ng fak QLOUt pl.a e%%%g%iat p%§E§rr§91§Ub?%hﬁEQEi%£he The

connectlng Chamfel
Coogﬁzgnﬂla@@eéﬁowadfedb%yCﬁﬁ@ﬁ?*ﬁ?@]gaﬁhrR?l?g’HouﬁF-Yeld@&Fé‘lbed in

theSpRatat-en abdsinnet oshems) igfedtiecool i ng channel 5
354. At the take-out plate 28 (botton) end of the tube

352, simlar alternate separation walls (not shown)
In apeerachbmed tthe cophieg tthddec 0dFi ngsehamialidagdy apel that

desRr-9¥Lge %orwcnlm 13@ thee egolglegefbuiad chaketthe internal
. channel and t coo% Q% fluid.ou
g

d'm§§§loﬁft€ nd?g?y?o? oot aﬁﬁaﬁ%é9§k§§4smai?ﬁr fope the
ext2ZnWD Z00¥he265610PCTheAZeeZr001383ng cooled. Thus, as the

preform shrinks, its external size is reduced, and a wvacuum
acting through the central plug draws the part further into the
cooling tube so that an intimate £fit or contact of the
preform’s external surface is maintained with the inside
surface of the cooling tube. Altermately, the internal
dimensions of the cooling tube can be manufactured to be the
same gize or slightly larger than the external size of the
preform being cooled, so as to permit a flow of air to be drawn

past the part’s external surfaces by the vacuum.

Tn more detail, after the preforms are formed in the injection

molding machine, the mold opens by stroking the movable platen
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wal | coul d be connected directly to the correspondi ng
ports in the take-out plate 28. In an alternative
wepdvat2asent of the present invention (not 5 sPOMOA2008/001336
cooling tube is extruded to define a cylindrically-
shaped tube with an inside surface, an outside
18 awwefvadecmridicat fiteshqlagsa ddol |6ﬁgi CHE nedbB5E 1 fARF rying

theonzam@ee%%téuaég@zﬁom 114 h%lotvkégebaé%eeﬁ\ tHbUhaTg halves 12
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c'mdco cm?ﬁel S357001dEg) st 6° Sevae% e of
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be @QRBRAEELI BAcoUPEgE 0L F Lharnehs @s&)éfeemgomegf&d @fe cores

revi usI escribed in f d enb
23 PRSPl R lone | Bt nabll BB B Bar hant gy RRforms

thq:reesenﬂ‘henmmmem iete shemwhélcdgl ithgnt wiyyeds out from

petSebhuded h918ehinged oyl indr i)y Iaeens%@@{sitay@@ W that the
an inside surface, an outside surface, and

CaTgRET CBORTRQIERSAREY 548 ALY St 6P S TRE griaced
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con%gBEbyTﬁé‘%dP«%E&gns Qal NEnERObL n@r o3 3hdretHal S
ar e

prOV|d etween the tube and sl eeve to
provi de a water-tight connecti on. The cooling
In cld@nneba ney the mm@éedcaslm@vpensbymaimrdﬂoetﬂzd ncooling

tubtehe EESLSY rf% q:lqiﬂg%ght th ht?erllé]fyecnt' : redécé@ cost of
e Coo at

oper ation, e is used simlarly t
margdseErped PR B5tAUESY, v%llnq FEPPr 2FRTFERS Hat ftl??e present
invieftebhal cafli measeédNs ofrdmhe eaco@osity trebecatens!|rgldtdiwe to

f
corf B Eha 101 sSliteaBe LI RLutl TENS) W5, b L LS Mecon
macél%ﬂéflﬁare‘éﬁllzjéem@‘?seduced and a vacuum 30 acting

through the central plug draws the part further. into

In E_)afhne t %lct?eorlr{a vteUbeeIrbSo J.an% a ! ”B%?erfe or n%%nts@l% the

preform s external Sur ace 1S i aﬁ ned w
tubeheaspileley SaPf e &Gt hed cHaYi n’@etG@éllfAletiertrPat épy‘lude a

tubtuharlf %&fdlﬁeld 1ﬁggeasif_,@rzgsoést@elomolmg ETIGbe 1|:1an BEong the
nuf act ur e t he Sa S|l Ze Oor_ sl t rge

Lo nﬁ ae%ﬁ e?’%%l % e VBF " Fhe TOBFRFEr R bé)r%g c%olﬁ Shd to
impgovas mmﬁsmmn B2a dqdwnef %ﬁfrlql@ris?e' deaewn topazt bekger heat

corf&%@i::.%nelﬁ@éf‘@écéu({@eﬂa%e%%uﬁﬁlé@”hréa BBh€act and more-
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Appinvablenpl W en 1®@3246,916, filed September 19, 2002, and
entitled “Cooling Tube With Porous Insert”. The porous insert
452 includes an inner surface 482 and outer surface 483., the
inner surface 482 contoured to correspond substantially with
the final desired molding surface of the preform 32, the outer
surface 483‘may be segmented by a set of longitudinally
directed pressure channels 466. The pressure channels 466
provide a conduit for establishing a region of very low wvacuum
pressure in proximity to the portion of the porous insert 452
between the inside surface 482 and the outside surface 483 and
thereby to evacuate air through the porous structure of the
porous insert 450 for the purpose of drawing a deformable
preform 32 into contact with thé contoured inside surface 482

of the porous insert 452, thereby wvacuum forming the preform
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WD 2004/ 026561 PCT/ CA2003/ 001336 18 away fromthe
fixed platen 16, and the robot arm (carrying the
w@aroozisepl at e assenbly 11) noves between t he POI/GA2003/001336
hal ves 12 and 14 so that the cooling tubes 50 can
32. recmie/q)caccﬁﬁ Ofisept elb2 NEs3Dueliatrabiy ejoelet etk dr omn highly
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ori en SO at the carrier ate assenbly 11 is
452 seppentieal Iaylvéﬂtééﬁ@éﬂx/elf%i’nb‘iféégarﬁ@) atff acentPiEegs that
incC@@dd NheStealboBr axtegeiod.ng station, or a conveyor.
~ The preforns may then be transferred thereto. In
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receigeng a529r@ass sm)wr’q E=p Ga811%xea1lpéﬁ§1?ﬁe lnl ﬁgﬁdell The
porgHéfﬁQ&J@%EonrlsV%lé%E@r Mhngha ened s 32, antdedral plug
nprove Erefﬁ rrh32 %%gl [ ng eff(?CLency due L9 k%;eetc%nd 1u
464he5f‘92§e 5RALCPIBA fREerFREEVTT. &8 Paldef ts Frads SFea’ g
boreoabact4shdforte tultd Matde f Thp Reherahcelus 44ferist éwéther

C d pLicahbanade. 459/ mﬁa £
re BRI CR O PO 0 PBLLCSLIIRD, 430 RS0, g
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shoaldénnge7 sunf ate 482tand olter 46§4r tarced48nds héo 30 step in
the ﬁgs&eé& f{;\][g 8 2(;}&{95?69.“?)@.@& Q620 €] PR ngarrowed portion at

st anti i nal desire rface
1tSolPPRE BREf GﬁﬁFsEmYﬁ@e%uﬁ‘%raﬂ%‘tﬂr"‘\‘% Cg“ qmﬁ%ag Stieen the
censegieples bysaasettbé sengid udimaldore diSGectfedche tube 454.

Thepra%%%ggg %@1@9 Shs ?%6 COE%%CEEe‘EﬁHr %r%%%ﬁ%' %hﬁgﬁels 466 of

eacon or establTsh |n:tg reglon of e;fiv "
POIIOGW VeV ﬁ%r@é%ﬁré‘ |?Paﬁjrn(?>}| Y t82Fhe ot P¥Bif ot the
centtb‘;ralp@&ays dieasatHatd 5z Dbetvwesn thendarsdeisunéaceo482 first

vachld LéI%SI de %Hf{gaggtA'?%a@Qd 2d. her %@é tQefVACUALELg 464
t rOU

alr orous structure of EE@I‘ ous | nsert
incjsgepora t W@nﬁ@wﬁsée bmSJd%eawSHgf%Cﬁef substantially

corresponds to the dome portion of preform 32 that may be used
for forming and cooling the region. The central plug 464
further includes inlet and an outlet coolant channel 4590, 492,
and a pressure channel 494, for connection to coolant inlet and
outlet channels 116, 118 and a second pressure -channel in the
take-ocut plate 28 respectively. The inlet and outlet channels
480, 492 of the central plug 464 are further connected to a
cooling groove 493 formed on the outer surface of the tube 454
thereby forming a cooling circuit. The tube assembly 454
further includes a sleeve 456 that is retained on the outer

surface of the tube 454. Seals 459 are also provided between
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preform 32 into contact with the contoured inside
surface 482 10 of the porous insert 452, thereby
wo 200msbor m ng the preform 24 WO 2004/ 02656 1PCT/CA2003/001336
PCT/ CA2003/ 001336 32. The porous insert 452 is
preferably made froma highly thermally conductive
thematlereival 458uehdasudleumiiymanbhédatateen ahe sedrgntailomlug 464
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tub;@X%m@IetnEu?d 460 Be HefB¥bL13 sRdBe ftoad.a Tmﬁgﬁlqbeuée'ifhally
co |dnc% gs ap_| lggrt boi;le 455 for 5 receer n% ?\ :rLgILIJ of the
nSerY© 4824 |f|(§’d|nnﬁ1né 11. e 65

tublensertenp3y 454 etmt@bﬂ&dn ohe thabeadkB4 oy D ledist r%ﬂ? of the

car&h@g p#8de aggeﬂsa@m red @ixtg A&A ]:B@C@éé/&@'lbéﬁa f’I‘Héttake out
econd | ug re 4 the tub
plag g

4.
L St SRR PHE G e iasts and
firgy japsl ﬁm@hdewammbemannglag&onsxometsmnét e thetblpeenports

on E‘rﬂ'gge féé‘rfttﬁ:agn%lt%%cm pl ug%gﬁég 4§7pré§§rmﬂ3§ 1t%h%i'|a%r into
on e ntr ug corre S as in
the Hh ARREIP ISt Lt TBrr A LS Ry ebh T Har g puction
actpogt i dwoagh Hﬂ'@ uppesswersl thatngr odPdeshan anvmidhar retains
theC NG rnt65 b@ﬁ@@e@;htehepré‘f%ﬁnr adu e 404 andi1bbeis sealed
second _pl gegjcfore 458 éube 54. 5 The annul ar ,
agadfghne 4 offfett £° et%ﬁr'% ¥uFOPRARAePS Taget yf- A high
vacponolus |tiser tapibZiad t theowdantied 420uimhathasnédbdr A2d in the
centtlil%l C];ﬂngr ahgp! UQh‘éﬁAf E}E‘Péud}? {:Het %%u@%@ne&ﬂﬁﬁqélfl‘_ HWEE and

first vacuum channel 7 n take-out pla .
PreééHFPaIChﬁPaal%L‘?‘%vncWTtFo‘%eélPémcotrﬂeouY%‘a“WﬁsF‘ﬂ‘éssW&E@h the
por®Q3 tuwell substtam | @blyusO joorarespobzls t oThbhe wWdmme of air

betk%/%r I QH {Jrgfﬁﬁgrg@ Bg‘n&h% n?ﬁfng?a%{ﬁg‘%cé 0485 chim porous

coor regi on e centr g further
m%eﬁél éé%sl? n‘P%t Learlt RPPUa Y @aspaﬁtieéh ﬁn%ima@ot,heng%ﬁawmg
of anHea feFestr covhannelur484e furtaconporehton wickkcoehantporous

ins&@é:gt#&?gd_oc '%Iﬁ %ﬁﬁ@ﬁ‘élcs Wit A8 A0d, & SeR00M: 452, the
preform 32 1s cooled by conduction, its heat moving through a
path from the preform outer surface to the porous insert 452,
to the tube 454, and to the circulating coolant. Once enough
heat has been removed from the preform 32 to ensure that it
will retain its shape, the high wvacuum acting through the
vacuum channels 466 1s releagsed and a positive pressure is
applied through the pressure channel 494 to assist in the

ejection of the preform 32.

Thus, what has been described is an extruded cooling tube for a
plastic part, a porous insert for use with a tube assembly for

vacuum forming preforms, various advantageous embodiments of
26 ) .



f5 take-out plate 28 respectively. The inlet and
outl et channels 490, 492 of the central plug 464 are

wo eoothaiseconnected to a cooling groove 493 f oP@EGARIN3/001336
the outer surface of the tube 454 thereby formng a

tulel Oc'lé Al kEUI thethBEst WRe ARSI aED 4% o fUitdif i oned, and a

i ncl udes a sl eeve 456 thaf is retal ned on the outer
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l.eeve -4 a bet ween the central plug
qua}§}9 gﬁdégﬁe td%gpggﬁéégmp?%V|de air and water tight
connections between conponents form ng the tube
AllaS.BGHrb|ahd45ﬁbre'Eb;ﬁ WHIEnI&5@ocfmhéhher banel adeschegyr odvecussed
[ 0 d a e 0
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Dews@@wm eﬁg@q(ﬁ;eéﬁareﬁeEme@Ha%%nm y 450 for,
encl osing the vol une fornmed between the preforn132 and
tube.. as 'y 450 er nabling {he deyel n
The l?%%e"lr%uanio g%mp?%evflw\;sacggm orii n lgtlr essu?% d%%mangteol oy
blofsﬂqumm optkrehesd ﬂlﬁeWéneabea%%se%l ywelbh-kgyown  in  the
mjrérceflehahhmdm@e éf@gn aahlldghﬂyemers@sabhylcccmﬁmtm\telon and
ope tt ar E‘:Ilcmlnutm Tﬁ ggnr:g on of ip l%le for
P &?gén8| f@illnéfdt §on"% hE*F ak Pt at’e fHFh
Car@&ﬂﬂSePUPleﬁ%iﬁ%@@ﬁbpv 11 will now be described. The
take out plate 28 provides cooling fluid inlet and

. t channel s .and ond Ma hannel s
wnild e QIENIRLS s ARERP1 o0 | Bhe PBEaRORRICMA IR S 2 o
whaltn is epresgrafvorenrgZ deredr dvn hat bhet heef gbeedseehpdyments,
it 41.5;?083)\’}5% E%@%E“g’%‘? ma&h ffﬂéa%%h?ﬁegc]gwﬂotaﬂﬁ?eed to the

u ure chan at fur retains .
ai 492 GrRPBLR Rt T prdtoor ARtBRtY L | e Lotereon s
intsedledd Ot@garosert hoagndusealmfBfichéreby staophi ngaaivalent
arrfan%meﬁtg' gfhcﬂﬁfé&mhh%htlﬂentﬁ@plé&q:f@r%%@h tst?@pe of the

vacu m channel 420 in t c ntra
& SanfioFa }ﬁ%ﬁr?e ‘-’pﬂ%’é‘%é‘? ‘fa‘?fﬁ%‘?%ment

'of465e mhemeuponJWh@tvauumMSnusBanth@hptheenpom@uentlon in

ter‘ft’@l | o?f d hSoP@ﬁngnb@%Ert i4,52xf\711-iﬂe Bé0| Y ré’élzﬁj:éd 5that the
bet ween the preform 32 and the inner surface 482 of

insgrd p?ﬂlbh?s Fhskrtt 4559 §63111rzeéstbypaartF%?JFIg;ale\ﬁacfa%l%%ctlve
butt peause dda¢idgawvbniiedf tdbhe pmeﬁmladohbeslm@rfa&nhough use

of 1 84O 1%%%E@Ctbe‘9!i$tfﬁtéheea%%r 04 mbﬂﬁ%&t% agaceaéé%mbly The

contact wt orous I nsert preform 32
arrddsréd oy %%ncﬁ]j]@uﬁﬁo 118 HeghdPoKg +hr dRjh a2s will be

understood, limited to size or weight (of, e.g. preforms),
with the defining criteria being the ability to establish a
vacuum to encourage contact of an outer surface of the molded
article with the inner surface of the porous profiled
substrate. Furthermore, while the tube assembly of the present
invention has been described in the context of a plastic
injection molding machine, it will ke appreciated that it is
equally applicable to any technology in which, following part
formation, cooling of that part is undertaken by a cooling tube
or the 1like, e.g. in a part transfer mechanism between an
injection molding machine and a blow-molding machine. The scope

of the following claims 1is to be accorded the Dbroadest
: 27 A



o path fromthe preformouter surface to the porous
insert 452, to the tube 454, and to the circulating
weomkantsel Once enough heat has been renoved fPONMCAR®3/001336
preform 32 to ensure that it wll retain its shape,
intehprbtghiomcssmaactidgehbompsds t A8l wachumcclidireksons and
466 LS. I n Lid pressure is 5 applied
eqy%ﬁ?%%%ﬁ %%gﬁﬁﬁggguggacﬁgﬁ%%kﬁﬁb4 to assist in the
ej ecti.on of the preform 32. Thus, what has been
described is an extruded cooling tube for a plastic
part, a porous insert for use with a tube assenbly for
: 0 vacuum form ng preforns, various advant ageous
enbodi nents of 26 WD 2004/ 026561 PCT/ CA2003/ 001336
tube assenblies, nethods of making the af ore
mentioned, and a nethod of using a tube assenbly,
which will greatly reduce the cost of such tubes in
i njection nolding and/or inprove the quality of the
nol ded preform32. 5 All U S. and foreign patent
docunents, and articles, .discussed above are hereby
i ncorporated by reference into the Detail ed
Description of the Preferred Enbodi nent. .0 The
i ndi vi dual conponents shown in outline or designated
by blocks in the attached Drawings are all well-known
inthe injection nolding arts, and their specific
construction and operation are not critical to the
operation or best node for carrying out the
invention. .5 While the present invention has been
‘described with respect to what is presently
considered to be the preferred enbodi nents, it is to
‘be understood that the invention is not limted to the
di scl osed enbodi nents. To the contrary, the invention
is O intended to cover various nodifications and
equi val ent arrangenents included within the spirit
and scope of the appended clains. For exanple, whil st
the preferred enbodi nent of the present invention
di scusses the present invention in ternms of a porous
insert, it will be appreciated that the 5 insert
could, in fact, be realized by a thermally conductive
but porous coating applied to a profiled housing,
al t hough use
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of an insert benefits ease of manufacture and
assenbly. The application of the cooling technol ogy

WO g00a026568s Wi ll be understood, limted to SiREI/0A2003/001336

wei ght (of, e.g. prefornms), o with the defining
criteria being the ability to establish a vacuumto

WHATE (ISOGrAJUEDORSact of an outer surface of the nol ded

1.

article with the inner surface of the porous profiled

S%p%hkgtgssgﬂﬁi e&ﬂP%%exWQﬁhgeEHeatﬁgﬁﬂéﬁﬁﬂﬁﬂMdld@ﬁ phgstic

present _1nvention been scribed in the context
ofPag tp| &bei Eubg ?%ﬁ%ﬂ?ﬁVOHOWBFaFﬁﬁgnach|ne it will be

appreciated that it is equally applicable to any

teChnO|%g¥oh%a¥Q%éﬂhaJEHd %WbQQfEQEE 1h o d@BtdQFace; and

coollng t part is undertaken by a cooling tube
or the like, e.g. in a part transfer nechani sm between
an iR egid@in n@iﬁid@ﬁ@o&dmmda ) oveomdmitey with said

machi ne. ol Lo ISt gabs

acdEdEd & u% %o}g%pesltod t‘\/\% 00%/ %%g%%él:&aﬂﬂg%s of 8aB8cent
PERiGA2 0081801 9855 a¢Ht §Pprc‘éit%el 0P sOUASIEE EMESAFEsLE the
alda19eeh10dididat igrstard pagyi Vabetaldte ucttiries dne tube

funct i Sb %é)V§)2%$$40295§11 gﬁégA%g&%@ggl%ﬁﬁ s Tporous

| S8 ub&°aSseénbly for eratlng on a
malissatl! eorgisdee plasvi e sphskan %ﬁltRﬂﬁ%tlé’éjs@ e outside

CUPH AN £ ac PO R4B] ddie: heantthg @pdt otdbdEihdg nstdeattain a

surf cuum st ruct ure fiqgur £3 1 £ a
oo PR o Chor B TSRS pPbrde PPE ot o
r echuciatk pruedegee adj acent 0 said inside surface to

cause an outside surface of the nall eabl e nol ded

pI stic part atabl e _withi t
‘%c?u ?u?ﬁﬁqﬁgigeagu?th saldlggfous |nsertn%9151ng
asat¢DqﬂﬂnENsxngabsran¢¢nﬂlqnﬁﬂﬂ §ProfopReChin®i dé use, into

sugfﬁgg%(glggl aebhegblie. part, upon cooling, to attain
5 profile substantlally corresponding to the profile

of said inside surface. 2. The tube assenbly '
actTios diulge teesseinhilin d¢cdrdiherta eipins Pngwhergigplsaig vacuum

StéQf&&%&}éx%gﬂéyﬂ%%g %Qﬁnﬁﬁﬁﬁﬁﬁij(ﬁbr|ﬁbdé¥%1nbn%@1d0p@rous
heat d|SS|pat|on The t ube as%enbly qggggd|Q%d o

t otePR m3d wiidr e&ﬁa%\l PR C HRFE anue 194

connect, in use, the porous insert to a vacuum source.

The tube assembly according to claim 3, wherein said
cooling structure comprises at least one cooling channel

provided on said tube body.
An injection molding machine, comprising:

molding structure that, in use, molds at least one

plastic part; and
at least one porous cooling cavity configured to, in

use, hold and cool the at least one plastic part after it

has been molded by said molding structure; and
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structure conprises a tube body for receiving said
porous tube, and at | east one vacuum channe

w@ooviogassed to 5 connect, in use, the porous PCEEAR00B/O01336

 pl &SE

10.

a vacuum source. 4. The tube assenbly according to

claim 3r whekei BnéavdcueR dhihSI ddu R 1GeIpr Esﬁﬁl@&red to
| east oge coolln channel FOV|d§% on said tube ggéid at

5. PARViAection nﬁl&’ “iFC h%??s?r%fs%ﬁﬂ(EQ1
st degestr @nteh@torouﬁ @ge,ltml:dscauseeabe ohelepbhiseie plastic
pakphirtand Séo@&a&@a§£l@n§nm&ugu999&é NgeCawnkt it least one
conflgured to use, hold and cool the at |east one
Espg?Ylg¥ter it has been nol ded by said nol ding
structure; and 29 WD 2004/ 026561 PCT/ CA2003/ 001336 at

.l easgk Qage&égwrﬁl&f@l%eEnaegwscawswl&&m‘d dLed 0 yherein

provi use, . a | ower-than-apbient pressure to sai d
t eac a§t”‘lgn%°%+%% SR FOPBTLAEE e tPRF S HB58F t offksposed
pl ast ctuparbodw. contact said inside surface of the at

| east one 5 porous cavity. 6. The injection-nolding
machi ne according to claim5, wherein each said

- coé”F‘ienQné§9Ff?/nc‘6‘Pllpﬁﬁn§e§‘a§ PBROBSCPFREIG (R SpA4BJS, | Wherein

a tabd bodylindd) Zavikhe Ifufxﬁenn1lﬁﬁﬂddég neelliihg structure
ac%gﬁg&agrég fgﬁ'QES%eéM¥3%§|Qn.%ekz qggllggh%§¥|&¥ss1patlon
further "I ncludes cooling structure cont i gure

coRAEBtion, in use, into a heat di ssipation path. 15

8. A tube assenbly for receiving a nolded plastic part

. ha%ﬁ@%be ggggﬁbhﬁ f&Peré&g¥%1 'ﬂMSﬁ n%ﬁ%g%gg %Qradpav1ng

porous substrate having an 1 nside sur
ouPsPEeTSUPf aklee ftuke |aﬁ>§i98€1§u??fa@él%1ﬁtﬁl led to
reflect at |east a portion of the profile of the

mol ded pl 5d: pgﬁﬂs d ﬁa g@&“@&Fhf%gE%_ %Ca% e and an
adjacent outer sur t f& vacuum channerl
Sugyﬁﬁgﬁﬁgsurﬁagge thquﬁqqqﬂsurface profiled to reflect at

least a portion of the profile of the molded plastic part;

and

a vacuum channel located adjacent the outer surface,
the wvacuum channel supporting, in use, an initial
establishment of a differential pressure from said outside
surface of said porous substrate to said inside surface
thereof, to induce contact, in use, between the received

molded plastic part and said inside surface.
The tube assembly of claim 8, wherein the porous substrate
is an insert removably locatable within a body portion of

the tube assembly.

A tube assembly for operating on a malleable molded plastic
part, the tube assembly comprising:

a tube body; and
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establ i shnent of a differential pressure fromsaid
outside surface of said porous substrate to said

wo p®umdzsssur f ace thereof, to i nduce contact, |iPCTE€82003/001336

between the received nolded plastic part and said

i nsi de zs Yhace. iﬂ%é%tlﬁn%é%%ge1§§§9ﬂylyuﬁg BL& E?@ porous

wher ei n the ?OYOUS substrate IS an I nsert re
| ocAEbfe RECHARE BBy HoNe i B fsice @xel ﬁﬁb@%éﬁbﬁyrface,
35 tI@. iAstidbe sassenkl pridlilepetat reglost aavalkeabl & portion

molgednpl 8sbEE1e PE Loy Mrising: a

t ube boolyﬁ and 30 WO 2%3@/%%@5%?%%%‘2%% 336 a
porous insert located in the tube body, the porous

i nsert atntéasl n@@ﬂvécﬁﬁind@h&ﬁﬁéﬁ&ﬁn afth 2 dh®ind@ation with
surfage, i nside, sur rofiled.to reflect_.at

| east a (?)Jgr(?]?son%l ggfhe Ja% é’u My OB Pde  Pridgred for
partrngRAIGn gt Jirba}éﬁeonéﬂ\%lummvélﬁaﬁmelSqurrcfel ukd provide a

comadntedt peBsBut8 283h8ePOr Q4 | NSSIde §@%f§é@“¥5”@ause an
red fo%r onne

ch on
va%&ggmhg%ur%le br &vi &% H}ég g&eprr&%i‘g‘?‘% ﬁ’d]aﬁl?éﬁt part,
sail@cphabde @H’F]ﬁh%et]%% e @smerbOyoutsi densart aseidfinside

: E%uﬁmhbéaﬁkb Qai'f}')&cﬁi%dllﬂ:'vﬂ%: bﬁ?@%ﬂ%lal Ctﬁﬁélft@_@ne o]\cﬁl thiNoutside
asse ac aid_inside_ surface so

%%l %Egﬁfo%%a%l%sl?aﬂtea%ﬂ p&aff on UEPT PGS g¢o attain a

suPﬁfﬁéél%f selpstamitlabh eqaespongong cool the, ptofatd aif said

a 1pe0fél eusthsd anddeal |y corresponding to the profile

of said L5 inside surface; and cooling structure

configured for connection, in use, wth a heat

di ssi p‘é@@bimspatshrﬁetun@obpnglwteedmfded cehastttonpath use,

|nw@@ﬂtécﬁedﬂtdhé%iﬁEdl@%‘§§t§L¥Jf“H%di in %h@o&gyéed é?astlc
insert t.ube, gﬁsen‘ol y .of claim wher el n

i n§f'de slﬁ]rf%%rgtactﬁ VhER pSrdtls frder: ?‘H’c’?atﬁfesog Ehgs@prous
endngémit- i s shaped to correspond to a donmed portion
of the nol ded pl asti c 5 part. 12. The tube assenbly

11.°f Tﬁ(leal:m 11, furt incl udi ng_a channel

12.

13.

14.

ubé  assemb y of claim I0, wherein the ingide surface
of the porous insert includes a closed end that is shaped
to correspond to a domed portion of the molded plastic
part.

The tube assembly of claim 11, further including a channel
at the base thereof, in use, the channel is connected to a
vacuum or suction unit to draw the molded plastic part into
the tube assembly.

The tube assembly of claim 12, further including a plug
fitted into the tube body for providing a closed end of the
tube body.

The tube assembly of claim 10, wherein the porous insert is

a thermally conductive porous coating applied to an inside
surface of the tube body.
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at the base thereof, in use, the channel is connected
to a vacuumor suction unit to draw the nol ded
w@bk@ghrasepart into o the tube assenbly. 13. TRET/Cabm®3/001336
assenbly of claim 12, further including a plug fitted
inyglt e_tube body for_provjding a closed end of the
t ube™hoddP® S TH e Thbelaks ekl ywhereinj Fhrgoporous insert
whéresi potrhei ppr bustheisertgd 9Ff abbher et ¢ ynicandict i ve -
porous coating applied to an inside surface of the
16tub body. 31 WD 2004/026561 PCT/ CA2003/ 001336 15.
TheFub SETPISE ef achrin, laherdiareine tes olmner porous
I nsierserhass posidsidy d pddeeisr angei ®fim about 3- 20
m crons. 16. The tube assenbly of claim 10, wherein
1 the inner porous 5 insert is nmade of a porous
7al FenuiiPe7. asREmpline absemnin oflGgl aiwiRer@inwhehei ncooling

t heteookiung isiryebuigells HF oMt dedkday abnéeac%olqgl% channel

coql,l annel rovi ded in e tube body that 1S
conf?gggg ?g.é§¥$yt%FeL€?%%o%F%E ?Fuﬁ@?%¥§9r?ﬂet9u6@rry a
asSERBEYIofleidi m 10, wherein the cooling structure

is provided by thermally coupling the tube body to a

heat, .Si -5_19. .The tube assenbly of claim 10 .
18‘fu?%ﬁerg?%%ly ?%%wgf pé%gr é%%ﬁm I&batiw'efﬁénpo?%%s cooling

i NSEFECHRre hes t Bbevbédely. b20thFheatlubecagsiiry ytiof tube body

cl abmu1lReatheigd N the at | east one o0 vacuum channel

is provided in the tube body adjacent the porous

insert outer surface. 21. The tube assenbly of claim
19.10Th@hErke nasherpby 0a§ chsemt 10i nEhudssr t hechidias spacer

ONEoY aTsEHR GhANMR poBodd. idberd ube t%%s%ﬁ%yio% claim

21, wherein the at |east one vacuum channel are

provided as a plurality of channels in the exterior
20.sufhacéubp perendlindr tcladin?3L0 Thehdtruien assenbky 1ebst one

cl abahdd, chamtder 1 Enek-udh Ags an, epde zﬁg%koxﬁh%K%%%%nt the

end of the tube a senblx in use, th
porous insert outer sufrface.

15

21. The tube assembly of claim 10, wherein the porous insert

includes the at least one vacuum channel.

22. The tube assembly of claim 21, wherein the at least one
vacuum channel are provided ags a plurality of channels in

the exterior surface of porous insert.

23. The tube assembly of claim 10, further including an end
seal at the open end of the tube assembly, in use, the end
seal assists in establishing the reduced pressure adjacent
the inside surface of said porous insert.

24. The tube assembly of claim 10, further including a collar

on top of the tube body to retain the porous insert within
the tube body.
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i

seal assists in establishing the reduced pressure
adj acent the inside surface of said porous insert. 5

WQ@200402686t ube assenbly of claim 10, further ineCTIGARY3/001336

25

26

27

28.

29.

collar on top of the tube body to retain the porous

i ngeet twbehiaBsetibey t obechady. 2832 W2004/ O2656d11ar extends

P /001 . .The tube assenbly_of claim 24,
T R R TR R -
i ndP868*8urface of the porous insert. 5 26. The tube

assenbly of claim24, wherein the collar further

i ngJ ud Li |. 27..Amethod for shapi |
mal PabEEonBPORIORY o2F | ELAHt 20| nFEER Ty CHG SLE ofurthes

0 iryledewidvilig skelnol ded plastic part into a tube
assenbly that includes a.porous tube; (ii) providing a

d dj t iled 5 insid f
of Soal B 0Bt URRCHISI My BQBPERLR MR CBISPUE  part

suthateduio tie woksdedopkastic part to nove into

contact therewith and thereby attain a .substantially
corrﬁgpondi ng .shape; and ?1 éi ii)_extracting heat from

t hé* ol et V48P ¢ EBSr t "PRASHghPL1es et RiSsi pdtona  tube
pat h t o soiamdhliry thae hodDedes @ astroaspaubet 0 t he

extent that the shape of the outside surface is
preserved; and 5 (iv) ejecting the nol ded plastic .

ar H{e;pWérdéPﬁ the KPS UPFaER st P avshdedd profiled
pl asti ¢ jparitdei surfeowi dédsaihpardunatuishapeudital d ortion
def i ned fq i_nsj f r-of il f

por ous tﬁe%ﬁ]go%ﬁ %Ih;%duﬁe%ﬁ%%d%gc?g{edﬁﬁgdt%g E%lggr%gﬁ?%g%t to
further & udithy tRELasFeptAraEitht afAf ngFherevedueerin a
pr essur esudstanghal he ¢ousteporslitigashapé ; tded por ous

tube as the nolded plastic part cools. 29. The nethod
according to claim27, wherein the step of ejecting

t h& ol FeFrpraérpchapti Eremi pee ydekdeh @ yagigca part through

a heat dissipation path to solidify the molded
plastic part to the extent that the shape of the

outside surface is preserved; and
(iv) ejecting the molded plastic article;

wherein the outer surface of the molded plastic part is
provided with a final shape that is defined by the profiled

inside surface profile of the porous tube.

The method according to claim 27, further including the
step of maintaining the reduced pressure through the ingide
surface of the porous tube as the molded plastic part

cools.

The method according to claim 27, wherein the step of
ejecting the molded plastic article includeg applying a
positive pressure through wvacuum channels in the tube

assembly.
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positive pressure through vacuum channels in the tube
assenbly. 33 WD 2004/ 026561 PCT/ CA2003/001336 30. An

wepa40265ar m t ool conprising: a carrier plate fBPCT/CA2003/001336

30.

31.

32.

33.

nmounting, in use, to a robot in a nolding system and
5aat eh@ast-Lne thobhecassendlygar ranged on said carrier

pl ate, and each tube assenbly configured for

receiving, in wuse, a nolded plastic part; o each of

sai d t@b@ala@seéfnm%ﬁt@orﬁﬂrl éﬁ%’gltlégpoﬁﬁuélsﬁubéohé‘vﬁ‘?&oﬁnln a
I nabogi syirdagemanenan outside surface, the inside

surface profiled to reflect at least a portion of the
profile of the nolded plastic part; and 5 a vacuum
structat eleonti goreduls covprkine akrangsd donpepeds carrier

tupeate, paQyi @eﬁoh LS By RbE JUEBH F PHESSUT Bodf §8&iRting, in
sal d i nsi d?e1 Fegiaﬁce to cause an outside surface of a

malP8abf &" BP5StiR3Phart, locatable within the

tube o assenbly, to contact said inside surface of

sai d PO r iASAr tuBe ASsdb B} | A igyhsgt anti al

portion of the outside surface of the nall eable part,

upon cooling, to attain a profile substantially

cor r espondiags tioukidhehqriofd |an ofnsiadal sunfsicge angr faaceoutside
%&rf;ms el of, BId0 10Qra0E phakFM 38, taheLLidrSaitd 1east a

e assenbl further conpr.ise cooling,structure
coﬁprbh?%oc’# §ihe ESRAGLET Oh, 1 RRIGY Rg°h! RHpr ) and

di ssipation path. 0 32. The end of armtool of claim

31, whergbp.sal deyacuym %5599519{&1ceaprao%%ratgumth said
body for receiving sai.d porous” tube, and at | east ope

vaEGHﬁ’t‘%h’é‘?ﬁ?eltocéﬁ‘?f”i"@é?ed“ﬂo?se'cc?nﬁ@éﬂﬁcﬁﬂ PrRSgeR® ggacent
a \taﬁzdurﬂrﬁﬂkﬂ‘a:esuﬁfa%&e The eadsof aar notibeldef stirdiere of a

0o MAELEL D ﬁaf%@&npﬁgsg% B&?fco“?[‘oE‘a{QQbﬁés%T%hﬁS the tube

‘corres onds he nunber ~of lastic parts

pr 6666@381Yn EacKoBSPFEs G njgnS]rdrﬁ e%‘ﬁ? TyeFe SGfY ReTous
nolhdkagtsyst@&Mto allow a substantial portion of the outside

surface of the malleable part, upon cooling, to attain a
profile substantially corresponding to the profile of said

inside surface.

The end of arm tool of claim 30, wherein said tube assembly
further comprises a c¢ooling structure configured for

connection, in use, into a heat dissipation path.

The end of arm tool of claim 31, wherein said vacuum
structure comprises a tube body for receiving said porous
tube, and at least one vacuum channel configured for

connection, in use, to a vacuum source.

The end of arm tool of claim 30, wherein the number of
preform tube assemblies corresponds with the number of
molded plastic pafts produced in each corresponding

injection cycle of the molding system.
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34 WD 2004/ 026561 PCT/ CA2003/001336 34. The end of
armtool of claim30, wherein the nunber of preform

wao aive/oassenbl i es corresponds with a mul tipl e ofCT/82003/001336

34.

35.

36.

37.

38.

39.

40.

nunber of nol ded plastic parts produced in each
corresponding injection cycle of the nolding system
35heTremden@tf obrmr trobbolofof ckdial n3 B0, whREeER n thRe number of

&g!ésrfnn%ﬁé @&mqregsuowegpbh@sr@w@ &f mabei13-20 the
crons. of _.arm,tool of clai m§5

. in
t RETPRAer cpfor oﬂglg?(i’dwseﬁlalsglﬁadé’ad‘fts pBf S & mlﬁumeaCh
3torThependind iarjmctdoh ofcteadin@le migiaonsyheem.
cooling structure is provided by at |east one cooling
channel provided in the tube body that, configured
t BheoRREcPE AFPhteRbI P hd ¥l &%héﬁﬁﬁéﬂ%%?%i HRECYR thsert
t hescabrbei tpl bt ehs3&anfhecendbodt aF+AQ odlcrohsel ai m
31, wherein the cooling structure is provided by
thermally coupling the at | east one tube ssenblg
aTheatersi §i€ previc@ed BY e FodPed VRERFTT el Pl ATRS rs%orous
Theserd ot asdR te®la gbroual AL3Ainwherein the at | east
one vacuum channel is configured to connect vvith
vacuum channels provided in _the carrier plate.
AThebeendsarfbl yrmcdepri sphg:claifiubel wi wﬁeaﬁlﬁlnsﬁ% *o01:ng
S Wifrae@ uREkOVi degrofidefongus atsubsigat eheansbdl iandf | ghannel

fl ow struct.ure_.configur 0 prtO i [
pélrré’lﬁd?ébs]t Fat® t 6 %augg(ﬁ’ ﬁ%%g e'LSa & Jl}bﬁéia & N
plvaghi copaing fhekd a?éﬂlaélﬂﬁlltshpﬁo’t’h@e@u’dé t&’s%é?ﬁﬁPffrertB fate.

be drawn i nto contact vvlth said inside surface so as

ofT}{qlqleg},lvﬂalqafeS%?Igt %nt a oPorc}la:L o‘fil anw?l%ﬁféh.ge t%gf éggllng

part Upon cooling, to attain
outtsiude umeofis eprostiedani ath%/rf@%ﬂrlryes%%lﬁ@ t'ﬁ'lec h%t least

Prafd | eud sab&ubnsi €8 asWdaacesindd PR QR4 (R656He cooled
PCT/ CA2003/ 001336 41. A nolded plastic part with a

sHEFEF ST &9 8ast a portion of

The end of arm tool of claim 32, wherein the at least one
vacuum channel is configured to connect with vacuum

channels provided in the carrier plate.
A tube assembly, comprising:

a tube with an inside surface provided on a porous

substrate; and

a fluid flow structure configured to cooperate with
said porous substrate to cause, in use, a malleable molded
plastic part, locatable within the tube assembly, to be
drawn into contact with said inside surface so as to allow
a substantial portion of an outside surface of the
malleable part, upon cooling, ﬁo attain an outside profile
substantially corresponding to the profile of said inside

surface.
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35

40

its outside surface defined by a profiled inside
surface of a porous tube, the nolded plastic part

wo eooamebsby t he process of: 5 (i) receiving a Pel/Ca2oBe01336

41

42.

43.

44.

nol ded plastic part into the porous tube; (ii)

.r edugo hfedp reissiirie pdiraceinth tdesipwf idfedti Asade alfdrtion of

surfac . Sali r.Qu o]
e Ut RSP EHOEa M I Q0B Py Qe of
NMoREPPFRYS comactthfi PARLEAE Plotitedatisifaemsdr Pace vf

t hprpoeosisot ube, thereby to attain a shape

substantially corresponding to the profiled inside L5
surface; and (iii) extracting heat fromthe nol ded,

pl 431 i c PREYHmMG R hmablerlke dnesipat PoASpht hPebt into the
sol i di f ypddreudrduled plastic part sufficiently such

that the outer shape 20 of the nolded plastic part is
preserved; whereby the portion of the outside surface
of (the weduddgpl aztdssugart adlessnén sheur fRic ifliegi shinside
ref|eCt!£Ekf&ﬂ@t%in%ﬁ§ Ebﬁ&ﬁ%g@ub@fkﬁ©§§ﬂgf&ﬁé @lortthen of
porous insert. : e nol_de astic.part. . .

accordin ?OOEFE%%AE}W%%%‘?@O% tt-l”'dﬁe€£J Iﬁ%#%%% %%(Set%cs part to
formed ofoee portsusongbst rateh vikhe ruafiledofinpéde| sigifee of
S_wtrl;] ace hayi ngo'k?ﬁgg Stthb%@' S:gi%(i%_‘by SOt@riget?b:Ly a shape
within a_ range .a out to .Im _cr.ons . N
nol ded p?’%@iq%cntﬁ Y SESTERNE 891 W mRY, pmjﬁgr% afR inside
nol ded pbastacepard is a preform 35 44. An

i njection-nolded plastic part cooling tube apparatus,

conpri sing: an .extruded tube having .an inside surfac
an éfj %’gtfléﬁ‘ccfe"nsguﬁ]reg e £T8Rd tg‘ﬁ %%@%882?5&%5@[& through
PCT/ CA2003/10&i3361isstiphbast apetitodid ngodiidanyl the molded

produced, Py Xt I ysiHONe, A5 1 EMR 13PRAIAE UshAC CHI A dr0 shape
G ai m 44, wherei qﬂf?%I d_cooling ~channel is d|d§posed
bet ween $hi & Ay sBP‘?ﬁEJeca%‘?ftsdisd preserved;

whereby the portion of the outside surface of the
molded plastic part takes on a surface finish reflecting

that of the profiled inside surface of the porous insert.

The molded plastic part according to claim 41, wherein the
porous tube is formed of a porous -substrate with the
profiled inside surface Thaving interstitial spaces

preferably within a range of about 3 to 20 microns.

The molded plaétic part according to claim 41, wherein

molded plastic part is a preform.

An injection-molded plastic part cooling tube apparatus,

comprising:

an extruded tube having an inside surface and an

outside surface; and

36



5

30

35

5 outside surface. 46. The apparatus according to
Claim44, further conprising a sleeve cooperating

wowdoh/os@sd t ube to encl ose said cooling channeCT/Ca2i08/001336

45.

46.

47

48

49.

50.

51.

52.

t ube bei ng di sposed inside of and adjacent .0 said

sl eevest drehswhenei noshint cdehineg phednekdiky dipusadn -

on one-of either: (i) said outside surface of said

tube; .5 (ii) an insjde surface of said sleeve. .é?. 13
ThER PRt 351 RFE WG Foa '%nus‘%4'mgreéﬁ%%nsaﬁaa cooling
cocthamel chandékpbasd abstibsdransaad| yneddst anripeof shd, said
whj i.n a longitudinal direction of said
tu‘%}g&%ﬁo%}%%a#ﬁé apparat us according to Caim47,

wherein said cooling channel has a length which is at

| egisé aboatat@iraddédmBing v rdraidi atvet efumfhezaichmprising a
cooling c nel_.of (e B . T ratus, .. :
ac%%?%‘?eng&?%p%%%oﬁgzg},&\ﬁw%% gién%glgedr%ube ai%’te Zsald C?Olmg
cr ozt | snidopPesPagna PlLEParety inFidai @fcsar fytiacent
chaangl s1asvas Cahad ewhet@ongaiaid st@sindhati@l is disposed
ap%r at us_acg. rhdeirng to Caim49, wherein the

cunrl AT ve angul ar extent of all elongated slots

is greater than 180 degrees. 51. The apparatus

aceoy di ngpitep Sdraiitled Sur et &M s3didd tebengat ed sl ots

are coupl ed together to format |east one cooling 35
circuit around said tube. 52. The apparatus according

t o (Ol hi m4insiider eunfaae dof R d cdpsiveses an

extrudabl e metal . 37 WO 2004/ 026561 PCT/ CA2003/ 001336

53. The apparatus accordi to Claimb52,. wherein.sai .
-t ubge 8‘89%1%" 23 @‘i‘f?ﬁ%&? a urralol Hum @4’. “flﬁeere&pr)lpa&r’rga{“t usé%jollng

accbatial has @ aivht4ntial bherorvtipyti ginedide, 5wpiqly extends
di sRogedohdy tudirshalii @8de obn st dsdibawded confi gured

to contact a distal end of the injection-nolded

plastic part. 55. The apparatus according to Caim

54Theheppanatas daptogdi® conptisies 4l unipergimargpid cooling

lnE#HHﬁélahQQOEi@gn§ﬁ§WWﬁcﬂrﬂ§tatale&@@'i@ﬂnﬁhﬁ%&ekimes a
outlet, and at | east oge ressur charlnel, .
minor diameter of said cbdoling channel of said tube.

The apparatus according to Claim 48, wherein said tube has
a cross-section comprising a plurality of said cooling

channels as arcuate, elongated slots.

The apparatus according to Claim 49, wherein the cumulative
angular extent of all elongated slots is greater than 180

degrees.
The apparatus according to Claim 48, wherein said elongated
slots are coupled together to form at least one cooling

circuit around said tube.

The apparatus according to Claim 44, wherein said tube

comprises an extrudable metal.
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said cooling channel inlet, said cooling channe
outlet, and said pressure channel each being

w@oemwhizissed to communicate with a respective PEREANIB/001336

53

pl ate cooling 5 channel inlet,.cooling channel outlet,

'an,ghgr %%Egmgtugh%%%%rglgg t-%]hgcﬁgﬂﬁr %"z“s V@&:&Ioédlqi nga.IchiJ tube

erei a dome-s
|n@@mﬂﬁﬂS%ﬁuﬁ%&ﬁﬁd@énﬁﬂgwﬁ@ﬂnto contact and cool a

. correspondi ng dome-shaped end of an injection-nolded

54

55

56

57

58.

59.

P gl SRl LSl OS S8 0, G0N NS WP, Bleerlle camprising a

accor er conpr|3|
npllrtqnj drsperrdolted flaal cophref sewld rglas rand LFrCé"-flgured
di sposedratt @ disi@d1 eafgobrsaird co@jdddidnia1de8. plastic
The §$paratus according to Claim44, further
Tising a porous insert with at |east one pressure
channel and a contoured inside surface. 30 59. An

A nirﬁ&t' Fsg;agal:%ngaa&&lalﬂ €PMBLEShNG4, nodaﬁeﬁélrrucgaw plug

that no

lyralit | astic art
ol GPEPTASP o G g FEBF R (  oCL i B8t (pagne? intet, a
conbofuredcHanrwdl dwnietcoehdt he peashl Pny pfepiust idhannel,

paLt g5 %Bﬂn&h%ylaﬁh@lmh@@é bya3ai d:d&llglgStcfHéﬁﬁl'éﬂ.eaoutlet
sal d_cool i ng caV|é¥ structures each QgV|n %9 S|de
on

su?F%cesahﬂ oBFSFTRTe suFfae! ant 8“Fﬁ8 to
chaonelnpraociced tly 0 exdspesicomeantabeowvidi ngldtoy aooling
C%i/'l% fl O%ié’t ext E@gill{%at chaxth MO 2(9%/&265%d pressure
003/001336 fromthe piurality of piastic parts
whfhaneat d parts are held by the plurality of
extruded cool i ng caV|ty structures. 5 60. The

.' nh‘ﬁgtéﬂﬁaf%{ﬁ '%east nlare t@C%Fﬂngnn94t waéf‘éfﬂ 5§a1d plug has

wherei n'sard at one coQ channel is dligpse
beﬁmé@ﬁesﬁhépﬁﬁsﬂ@§e§ﬂﬁ%aéérgﬁﬁesgpafbﬁFﬁ?ﬁetgu Réact and
61coahea|é@fﬁﬁspmmdﬂnbddbgenanipéﬁaeﬂﬂ:@mdang1n@e611nnnmolded
59 ri g ] geve,cooperating wth
saPéa%%%%%%iﬁgcégggﬁ §??§c%€?€]§% engﬁose sai d cooling
channel , sald coollng cavity structure bei ng disposed

N n@hgeaﬁ}f)a%ﬂls adlf exefitngs alod cabefyves, afdrvher etomsaisdng an

Co?.l’lljggtfgr? moe_l.delds plastic part sealing structure disposed at

a distal end of said cooling tube.

The apparatus according to Claim 44, further comprising a
porous insert with at least one pressure channel and a

contoured inside surface.
An injection molding machine, comprising:
mold structure that molds a plurality of plastic parts;

a plurality of extruded cooling cavity structures
configured to hold and cool the plurality of plastic parts
after they are molded by said mold sgtructure, said cooling
cavity structures each having an inside surface, an outside
surface, and at least one cooling channel produced by

extrusion and providing for a coolant flow to extract heat
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di sposed on one of either: 15 (i) said outside surface
of said cooling cavity structure; (ii) an inside

wawohmzesenf said sl eeve. z0 62. The injecti onP@DCARING001336

machi ne according to claim60, wherein said at |east
one_cooling channel has a substantially constant

pr oFiFe, Eifhi RH @8 idndso § nekastishgeatieh nerl e r eeid aprofs are
eactelriesfeet | ¢Resaigl ieakitlg o5 caxiiydsd r uebdleng 63cavity
The, d Nj.geLL gn nol di ng machi ne according to C aim62,
wherein sard at | east one cooling channel has a |ength
which is at | east about four tinmes a m nor dianeter of

60 saiThe 3@n§tecl:§61$t pogieskeatisl hﬁﬁh@ﬂénnﬁbcoﬁﬂlngh%o Claim 59,

62.

63.

64.

65.

erein

wherein eac sal codPThy Vi t5°% Wﬂ:tﬁ Qnﬁgg gs disposed
cr ddwesncBpbA towpie sﬁlmgfae}ephudaSaiojf oitsiol isugface.
channels as 5 arcuate‘ el ongated slots. 65. The
|nJ ction.nmo| di ng |neaccrd|n ta Caim64 ,

& n PR LRI eﬂ‘ neﬁwgﬂ‘lag 18Rt eﬁ?c%‘FdﬁTq dnGaeen 59
sI diwthergreapeisthanal8ledegr eespeftB9gWRith said cooling
20Qék@%§5ﬁét£ﬁéﬂd§%2098/ngﬁ%ée 6§a151“500&hﬁ&t|6ﬂknn 1, said

machi ne accor Cam63, wherein sal

el &r‘?&i&@g ST 5 s egtfblﬁﬁgﬁﬁ tk?fg‘é{ghefhfsBofs@iim ingideeasf aond
oneddegkinhg seiidcsileesrounddeabbresan dsaddl coglisavihynnel is
St IMGHHEBd On Bdne ThE dinieGti on nol di ng machi ne
according to Claimb59, wherein said cooling cavity
structure conprises an extrudable netal. .0 68. The
i nj@at i opandl diomg strdiehi nevrefecer di o t(s‘aG:Idai mccﬁrﬂlng cavity
wherein sajg.cpaling cavity structure conprises
extruded alum num 69. The injection nolding machine
according to Caimb59,

(ii) an inside surface of said sleeve.

injection npl d maghl ne accordi CI}j

The injection molding machine according to Claim 60,
wherein said at least one cooling channel has a
substantially constant profile, which extends in a
longitudinal direction of each respective said cooling

cavity structure.

The injection molding machine according to Claim 62,
wherein said at least one cooling channel has a length
which is at least about four times a minor diameter of said

at least one cooling channel.

The injection molding machine according to Claim 63,
wherein each said cooling cavity structure has a cross-
section comprising a plurality of cooling channelgs as

arcuate, elongated slots.

The injection molding machine according to Claim 64,
wherein the cumulative angular extent of all elongated

slots is greater than 180 degrees.
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.5 further conprising a-plug disposed in a distal end
of each of said cooling cavity structure and

w@ooviogassed to contact a distal end of the  PCT/CA2003/001336

i njection-nolded plastic part. 70. The injection

66 molTheng inpebthen acoardling tRcthakm £&ordindhendy ncsaid 63,

pl r I ncl udes ol i
Chamsar T nrere & ongrrny BGehCRes Bpapfen BOurM%he gy oum
oné‘tprég‘%%‘? e O&FanfiePlingi dﬁlééwtnganmmeﬁa?hl etaid cooling
saichvdagl shgucharwel outlet, and said pressure channel

each being configured to cormuni cate with a

respective take-out 5 plate cooling channel inlet,

67 codtengivhanhidn oddlstinganadachivs s (recattimee| to71C1Tbe 59,

68

69

70

71.

72.

73.

'sea Png Y t\ﬂb’nzo

i njvﬂfétré@ﬂ mgladdng dRANRINRE aeGandi NodQ;Ghaldn 6(.90mpr1ses an
wher %I ﬂdggie’{i) lug has a dome-shaped internal surface
0 cont I'gufed to contact and cool a correspondi ng

shaped end of an injection-nolded plastic part inside

.eamesab_ﬂje@@ﬂlﬂ NGncB@M nlgy ﬁgEH%&r%CJ&‘dlL?ﬁ it%i eéiéﬂﬁ‘ 67,

gl glmachl e accardin (? to Caim69

compri Si ngsglgoro 9 TV Hi% 1S U S %?f%prkﬁ%%s%’ﬁt‘emded
chaAnsinand a contoured inside surface. 73. The

| nJ ection nol di ng machine according to. Caim 59,

her co risin i njectiop-nolded plastic part
%ﬁ’ﬁg%l 61m13’@?3[]@2(?6’§°(§81f§§6 to"°Clain 59,

st fucthee dimpossdicata pldisstddkspenddoineachiotabaél of each
CO@E'@Qldcéybiﬂnétéé&%ﬂg‘%truc%ﬂre aHEtQ Hf&&ur%@r€grg%ntact
an _i njec I ded- pl.asti c- part coo

coﬁ‘p%ﬁ?‘#g o é;ﬂi‘? Gfs e%‘kf?r&ld‘i“ﬂgjieél ﬁ’&IaIS(W\FaPﬁﬁF num

tube having an inside surface and an outside surface

.angnat iﬁ?ﬁﬁtfﬁ%@ QBQB.HQ ﬁg é%&yélnghe nEté%?&m 69,

accordi Cdaim74, V\hereln sal ste extru
sal'd<t ﬁ’?cll%dé’&ué’xt FEBPRYS 23| cPlé’fanlélﬁ'st BRé lnClUdeS a
chanpélindetheenciaidlensi de swsliare emghssl doQUist deand at

SURERLe. onp &ﬁeégﬁ%é“%ﬂgﬁhéfxxg§q£gcoglg%QI@ﬁé%hel inlet,

wherein sai d
said coollng channel outlet, and said pressure channel each

being configured to communicate with a respective take-out
plate cooling channel inlet, cooling channel outlet, and

pressure channel.

The injection molding machine according to Claim 69,
wherein said plug has a dome-shaped internal surface
configured to contact and cool a corresponding shaped end
of an injection-molded plastic part inside each said

cooling cavity structure.

The injection molding machine according to Claim 69,
further comprising a porous insert with at least one

pressure channel and a contoured inside surface.

The injection molding machine according to. Claim 59,

further comprising an injection-molded plastic part sealing
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extrudi ng said tube includes extruding said at |east
one channel disposed on said. outside surface of said

W@ 2ive/026661 The met hod according to Caim 74, wWer/€Am03/001336

74

75.

76

77

78.

7S.

80.

said extruding steps are perforned with al um num 78.
The nmet hod according to Claim 74, wherein the step of
ex@mudbﬁgreadibﬁdﬁaa o iBesallhendt ep ebclkexdfudahd cooling
Sab@v@E t one channel so that a cross-section

the Xoo?lng tube includes a plurality of. said
coollng channel s as arcuate, elongated slots

Subst artthalll yrsurr oondimng sahd innsddendimatdedrplastic-part

79. . The metr od ag %;q%gg tghglgt J 4 Wherein said at
| east “on @nne conpr?ses a plura |ty of cooling

channel s and further conprising the step of machining

a conngg&tindingLhannebicenf iguindhiuen betyeemsaigd an inside
cogllgg chanaels to., co Iete a coodingt0|r UIt égén%g%lln
sai*d &66Fi Ryt Ghe. OES THe Fhst hOd altordihy tB g
d abanuiel. further. conpr|3|ng the step of formng a

central plug including cooling quid channels and at

t on vacul channel 4/ 026561
pCATeATi S0 T 5 TR FRERBd Acodt e 1 ooti & P oF
80 extuntlivey ean@rtsbﬁg1mhéu§99pe@trpﬁa@gngaadpb@glaast one
On%hﬁﬂﬁe@f Salybdiol lsawqt ubgsi 80 . oF AR chogsedsgnd ofutside
the cqoling tube. 5 82. The nethod according to C aim
80 °Yfufffier conprising the step of forming a porous
insert with at | east one pressure channel and a

.Co%%urrﬁéjcﬂdas'éj&oﬁ}ﬁlfr@ceto 8%1ame 7fli‘9t hpb-ACGOr dhg Rep of
Cl aim 82, r conpr,isin step of .insertin
sauea‘tﬁl-}iﬂbﬁ% Fﬁ% r E9PRt §REAR geﬁolel’%ﬁ/uii sghg at Least one

r etchiannpl $hsiebdens emnt san%audsids@esﬂ;falqms@ft eafgdsenicke.
plug. 84. The method according to Caim82, wherein
sai d porous 5 insert is manufactured by a process

1 hdhel RAHGEs SCEREFEBPORC 85-21A cdol iF1RIBe Spifhr SF e ding

f orstepeudne fpemidignedf warh bhjwetdummn- nol ded plastic

preform conprising: ;0
The method according to Claim 74, wherein the step of
extruding said tube comprises the step of extruding said at
least one channel so that a cross-section of the cooling
tube includes a plurality of said cooling channels as
arcuate, elongated slotg substantially surrounding said

inside diameter.

The method according to Claim 74, wherein said at least one
channel comprises a plurality of cooling channels and
further comprising the step of machining a connecting
channel configuration between said cooling channels to

complete a cooling circuit around said cooling tube.
The method according to Claim 79, further comprising the

step of forming a central plug including cooling £fluid

channels and at least one air vacuum channel.
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a tube that includes an insert bore for receiving a
porous insert, at |east one plug bore for receiving

w@ea4/0266ai Ni ng a central plug, a cooling grooRET/Cariwedo1336

81

82

83

84

85

on the outer surface of the tube, and a groove at its

d for 5 L Vi d seal, i , the end
sedlowBPkE o SSERF AR pbPe (Rt i B S o (R g the

saistiepubé ahdcimerabylioris omeceodedf voridrehdkloweembe, to

S_aif@rﬂr sfw&@pcénaab@ tHhecoanh tSll:ﬁaQVe_ t hat
fits-around said outer surface of said i0 tube and

seal ed thereto for enclosing said groove;, a centra

.pl @het hetchiorclagdesdangonboutledn il defwtitfeateconmrising the

SUQ%EB”BEakbym réﬁﬂgygﬁéMﬂdéé%td%q%hpQEth@QsQfoﬁgiﬁgessure
preform _an i1nlet and an outlet cool ant channel for

1. 5PEBRALCIFDIF WO OSEPE dRBbYR BHEILHSd tube, a
pressure channel that assists in receiving and

£ §eLI g 5akd ac%?&?fég‘ t%”%l%j%‘rﬁcéwm EM@rising the

connects to an annul'ar, _channel for'med, between
nafit6Re@LpbPEFON M Sl pIReCUend PSEF tsafBC pFayd dpefl Low tube
sakddplregabalegokasai dnkebe; iand60 4208 RO0MM 2G50 said
PCT&S@QOOB/001336 a porous insert that includes an

i nner-~surface contoured to substantially correspond

wth a final desired nolding surface of the preform

.anraet afetidd agecoddthat td easéimna2l, onghétsimnalskyd porous

di nected pr SS‘%H%%u%QéEﬂ%‘Eg cgonect ed,to. sal d gnnul ar ;g0
channe ;.wﬁereby I'nuse, the Kressure-éﬁannels prOV|dé
a eghiygubionfor evacuating air through the porous

insert for the purpose of drawi ng a defornable

preformhatg cephact WLh o said conforred ingldes o an
‘suff ace °th 9eby Vaculht ¥ d pré?%r 86:9Thé

Ta [ he "ormng sail 2T or m
codhpagtiobenaldssy #ilagtic oraferBs caprarieingsai d t ube,
said porous insert, said plug, and said sleeve are 5

oot T gDl YR58 Ay LR YRt i o
wherspnssdingepbr oas ligssdr tons pitedebabky feederdagmiag and
POLQUS i ABLET hakeWtth1 ap1RgT 08 tabd1Ankh@roange RfmadoWh the
Bf%gtgkcggpgécéaof the tube, and a groove at its open end for
recelving an end seal, in use, the end seal works to seal a
portion of said preform within said tube and thereby forms

a closed volume between said preform and said tube; and

a sleeve -that fits-around said outer surface of said

tube and sealed thereto for enclosing said groove;

a central plug that includes a contoured inside surface
to substantially correspond with a dome portion of said
preform, an inlet and an outlet coolant channel fozxr
connection with said groove of sgaid tube, a pressure
channel that assists 1in receiving and ejecting said
preform, and a wvacuum channel that connects to an annular
channel formed between a narrowed portion at an upper end

of said plug and said plug bore of said tube; and
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88. The cooling tube according to O aim87, wherein
said porous insert material is a porous alum num 43

WO 2004/026561 PCT/CA2003/001336

86.

87.

88.

a porous insert that includes an inner surface
contoured to substantially correspond with a final desired
molding surface of the preform, an outer surface, and at
least one longitudinally directed pressure channel

connected to said annular channel;

whereby in use, the pressure' channels provide a conduit
for evacuating air through the porous insert £for the
purpose of drawing a deformable preform into contact with
said contoured inside surface thereby vacuum forming said

preform.

The cooling tube according to Claim 85, wherein said tube,
said porous insert, said plug, and said sleeve are

preferably made from a highly thermally conductive metal.
The cooling tube according to Claim 86, wherein said porous
insert is preferably made from a porous material with a

porosity in the range of about 3-20 micromns.

The cooling tube according to Claim 87, wherein said porous

insert material is a porous aluminum.
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