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19 March 2007 COOLI NG TUBE AND METHOD OF USE THEREOF
TECHNI CAL FIELD 5 The present invention relates, in
general, to cooling tubes and is particularly, but
not exclusively, applicable to cooling tubes usedsimrch 2007
a plastic injection-nolding machine to cool plastic
parts, SUeBofitnp! #8kiCaRB uRARSD brPhSE O HRral ©
parti cuI arry, trhe present—Tnventron frerates—to
structural 10 configuration of these cooling tubes,
and al so to nethod ofrpdmudactpyeErdg and using such
tubes, for exanple im the context of a manufacturing
process for preforns made from
The pmbyehhyhameheﬁeph&habak& (Hﬁﬂgéﬂeﬁd&%|&$ecoéﬁlng tubes and

(%K}J HE | In or er to accel
é%%¥% fy L |%'ng ngchlnes & YevotRR eﬁ%cﬁﬁheC001lng

tubeposvSﬁ@IdhEodilmdaﬁ%sﬁen&nnhaﬂHEEEﬂmukding|ﬂMatana@usk¢ cool

plasWith §Q§ténle§ﬁé@neﬂplghﬂﬂnﬁxpl arwgkﬁmgoor Ereforms More
speci fi cal | e on€é injectioncycle ista

partﬁaFaé@rthe tfb%stpr@@edltcoénwﬁgtw@t ehgleypicaldy aaclsitﬁgctural

confk@uﬁa@@ﬁﬁ|QﬂBntﬂé¥e féﬁﬂliﬁb‘”tbﬁe@ robedi @1k tto method of
ive on an earlier forned set

% devi ce, i.,s oper

nanuf e BPE R aG  HPEr oo RHC haleo Ben PGt 1t O Thas contest
of nmeld mhnafpcmntlw@ereptheﬁsare Sidd | retatdmed y hoehde from
ol o_al | ow ted handl i ng. '
p01y§g§?9 %gé%éépggéi%F% %ﬁ%ftlonﬁﬁg %%E1COO|IHQ) nol ds,
nests or tubes are well known in the art. Typically,

such devices apAckEROOND OF FudMrsEN TR her

mat eri al s havi Ng—good thermat 30 conductivity
properties. Further, it is known to use fluid- cooled,

In Gﬁ@érngt®UD£§céDér@D§t @@&ﬂeteﬂﬂﬁéﬂtuﬁ§l§9ﬂ§|thBhﬂﬁes have
of nDIded tic such aiéslastlc parisons or

eVOl%?%forns caﬁ1 sﬁ@ﬂdtuﬁgg 8 f8¥fibgmpy that operate
Slmubbmw@©m$bmalvnaﬁhlmHMy n&hh@@ilbmow1moﬂddngtockyc35 More
oo R SR QS s pisce,
post piet el gesiltiiteh s akesBut tpfpap@ltih'atacmmg alpapacitypienentary

fash869r @i fHl ki Plo®osats fripredpsv®) feeviee thanpdative on an

earlier formed set of molded articles that have been removed

from the mold at a point where they are still relatively hot,
but sufficiently solid to allow limited handling.

Post mold temperature conditioning (or cocling) 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-
ceceled, 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
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cycle. In other words, each set of preforns is

subj ected to an increased period of accentuated

conduction cooling by retaining the prefornms in theyarch 2007

cooling tubes for nore than one injection cycle. Wth

i ncreased cooling, the quality 5 of the preforns is .
one dingrde@®n A@y%eap&ﬁopw ® PEIrAEi PaGhescs HetpPpplforms is
subj @&eé@r MBoi Szi§ epﬁ@dea(malﬂe/mbyd a drechapicealuajcect icdmduction

f.romthe take- | ate _onto a, conv
cool [REoRTn ke ate Bhe B g i R S Su i B Re dor more
thannawevat@aidciseédn okycdeol ithigit ubesreabeBurcaapeameopat ehe quality

P 4 t
of tE 8r%§gﬁﬁ%hJgﬁéﬁﬁggﬁgxg?é&?oéﬂa%é%ﬁé%rfgﬁé ?%%?%;92 time, a
set fqﬁ PESEPING tisbecischatler(ucolldy adnd ies e Famgbdatoejection

mechaﬁggfnye f%onrpafﬁé athyecoatedpref ofii o MIr @onveyor to allow a
particul arl %? after the preform 15 has undergone sone

new éé’&l iHg AFe ﬁm%h*é0c|b@se]dﬁsrﬁﬂ‘bedtﬁ%tﬁo|t&el DO pepegnt set of
coollihg E@AEsextended between the cavity and core sides of

the nold and the preformoff-loaded froma core into

the cooling tube that then acts to cool the exterior
Européatheapeefordf Qhiéagﬁoﬂhaﬂﬁmrﬂhaﬂhﬁnibmtimst¢héit cooling

tubeprf%for éfio%?,g'e '%ﬁdzcgfs %ﬂn”x‘fﬁé‘fd %‘.IOAq‘ kﬁ‘eintlmﬁte fit

etu it snu ereiln. emwt
COOltlh@ kwéi@m déol wﬁgeﬂfubféoaha ng@hﬁént@ F‘§rﬁﬁ§?dt hgo receive a

partRRELOr BolAte S Qiee ROHAL , MbleN@a rriemithe oI D+ Of the preforn
i ntroduction) | ooses contact with the internal sjd

has WadeLIene: FEModFING 2% YubRIMwhreh A GEE DM Her rﬁ'a’Pe mold is
openéﬁpt&@b EEHSEn§xm§mmemgbef®eenemh¢ cand tgauses ane¥eBides of

(ofe]0) nders 0 ve coolln can
|%%Lcegﬁgff é?e C?ﬁ%lﬁg%ngbae %rng Pon of overaritO the
coolshapeuandt@aysﬁadn.@ﬂh&nt@fcwﬁb phasekcefresubti fige preforn

throﬁgﬁastﬂgﬁﬁafrQQﬁﬂﬁﬁé%fbﬁazed%s FHEEhe P@f@rm|a§$bp£ it will

ntact can cause ovality across the circunference ,
shrigk gpd préfsr AriAPFeinehes] 688 SHPEhECcdolti Fguetpedtierein.
can nmean that a preforn1is renoved fron1the cooling

A rtg e_at % gﬁ ;@g} |y Q%%% tenperature, m ﬁg At the
proh ERug g Ceraath S obbraPran st AP

prefdehor(aat isame preivat ur efr eppvdlroaf teherebonm of introduction)
looses contact with the internal side walls of the cooling
tube, which loss of thermal contact lessens cooling efficiency
and causes uneven cooling. As will be understoocd, uneven
cooling can induce part defects, 1including deformation of
overall shape and crystallization of the plastic {resulting in
areas that are visibly 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 cocling tube at an excessively high
femperature. 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 of these effects are cleariy undesirable

and result 1in part rejection and increased costs to the
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35 at an overly high tenperature can also result in

the sem - nolten exterior of preformsticking either

to the tube or another preform all of these effects

are clearly undesirable and result in part rejectibomrch 2007
and increased costs to the 2 19 March 2007

manu@%ggﬁ?gkure&t IHSIS %ﬁﬁ%&% (%g%l f%to%conflg%reure the

cooling tube to 1ncC e a neans to achi evé an
cool pRpnt Gilpe cc@nt agelbdeweeneh@souter achieice emd/le maintain

conter:ef owt@@éinth@hel rksl@wlal sihde val g of-pthe GeQLIAY ang  th
U. S. _Pat ent . 4,047,873 di scl oses™an

lnteFﬁFicFF@ﬁ BPB%Fandtbﬁ CRAFERIt RBPEavi ty has a
sintered porous sidewall that permts a vacuumto

draw t he arl $0 n cont act with the coo be .
0.5 Rt Po' B4 PaTand NG04 0775 AP LT Bdel ¥ mold in
wthheth@dQﬂﬁiﬁﬂnﬁﬂ&ﬂMSSinterpdo@oapng lsiicaxiadlll ythat permits a

VaCU.QIrﬂl gnt %am Ot\f\‘ﬁém g?gs@ t'l‘?}!t% W§&@ EE?POSCth%D c&f)ilng tube

gltudlna and expansi on are per
Slde§@é entially in a longitudinal stretching nold and a
radi al 15 stretching blow nold, respectively. In

lar, a od is. . described for the
u.s. |%ﬁ‘% gdi Al %ﬁ@cﬁ%g‘iwcfﬁ%@%aﬁ§‘6?Frhi0ﬁ1 3! apparatus for
prodhomggthdFBaﬁaSﬂWeK&man}dﬁﬂmﬂ@mimhld@ﬁp@ﬁﬂﬂtﬂéﬁﬁw%ébéln the
stepgorg%d I%ng%t%% %g§ SEJ%Pture eﬁp :ﬂgbgralltyaa% performed

ressure control Zones con ure
Sequgabaaéég pat eat o itadionl 563£1®¢3311d1<_:scmo$és ad a radial

strePERERSS LI BL ﬂayaﬂﬂ¥é§bégﬁﬂéa;yar§oahgéklbﬂﬁg%de%‘Jgkhod is

ste s” of extrUS|on pari son Into a
deSC%Je%mfPér ﬁhﬁglﬁagatééﬁﬁﬁlsuswetéhém taf ftidrameeRFhsen in the

longp’@ﬂ@ﬂﬁaﬂ EUE&’Q&ELDQ“QQ&Qb&QQ@ﬁnUOﬁ MAGHIM 249 NBormed in
he parison into th hO||OM/ mﬁ)reb t he foam
@ pof@lﬁssﬁﬁy% ﬁﬂﬂ?%&/ﬁ&ﬁit&‘ yc%flﬁ§§ésuégnﬁﬂPtr01 zones
confpateatd pubtécbtnon DE 197 07 292 descri bes a net hod
and apparatus for producing aseptic bottles that
i ncludes the steps 30 of extrusion nolding of a
Japapafe s tiemto Bulvgégﬁlm¢©rrﬁ€rﬂgl?lﬁﬂ3d discloses a process for

producing hollow parts that includes the steps of extrusion
molding of a foam parison into a vacuum forming mold comprising
a cavity formed in a porous structure, and subsequently vacuum
forming the parison intc the hollow part whereby the foam cells

in the hollow part do not collapse.

German patent publication DE 197 07 292 describes a method and
apparatus for producing aseptic bottles that includes the steps
of extrusion molding of a parison into a vacuum forming mold,
and subsequently expanding the parison in the mold by vacuum
suction whereby germs do not enter into the bottle as is the

case with conventional blow molding.

U.5. Patent No. 4,208,177 discloses an injection mold cavity
containing a porous element that communicates with a cooling
fluid passageway subjecting the cooling fluid to different
pressures to vary the flow of fluid through the porous plug.
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and subsequently expanding the parison in the nold by

vacuum suction whereby gerns do not enter into the

bottle as is the case with conventional blow nol ding.

35 U.S. Patent No. 4,208,177 discloses an injecti QR march 2007

nold cavity containing a porous el enent t hat

communi cates with a cooling fluid passagewa _
U.S-suBpééhitng Mose cdoldy Filui 7% dV?fe?eﬁg4fﬁﬁéssGﬂ§§lose an
injetoivar plbhecbkrewnalihbuadpbhbogghethe panaoupopttign .3

19 March 2007 U.S. Patent Nos. 4,295,811 and US

4,304,542 disclose an injection blow core having a
A “a&mamrganﬂeﬂhwwﬂdgpo®nl@ne"AarMLmﬁﬂcﬁﬁﬂb@hﬂblbayrous Molds’
Big g@g ne P@r %ﬁ”ﬁﬂfiﬁ%& R PUS %bfgém tﬁeBﬁthEﬁ@%’on July

n|g nted Tromthe Tnternet on Jul

217, 2@0220(93280&@@80@3?%%? obigoLbBli FETEEFPESI te iddd é‘@ﬁTAPOR :

The METARORTM;sdhesad tigtetdipelioses dﬂ‘epéﬁﬁﬂﬁ‘iﬂ@letﬂﬁs material
polishing this material to close sllgﬁ%3 thgé

to ctl@sEmpibv@the 50ft 204 SH 18ROV Fe
reduper ket pordOiAg.article fromlnternational Nbld St eel

Inc., entitled "Porous Al um num Mold Materials", by

Scott W Hopkins, printed fromthe Internet on July
An 27tiz062, faloso dirgctosesiporbusdobdiunfheatnol dnc., entitled
“Porgﬁgerl nuﬁhqkﬁﬁieﬁé@%§1§ﬂg”ap ?bQﬁkhgﬁSW15Hgb§§hg§e%rinted,

ove two articles refer vacuum

fromt hbb%f%ﬁﬁlﬂgetbf Pl astile's £t heChdt d 3432l fA15G Qfffichporous
alumPheheated shepkscof apkast ithar exdtaw ailkt 0 @ndi N@Plications
, I d half i a vacuum drawn t hr t he por.ous
dlscggﬁﬁgtur%nof ﬁaveha{?wozo ﬁ%ﬂt prgﬁF§ﬁ1MA?% vacuum
therhﬂﬁm@mﬁogl|mjtLﬁmﬁstfnﬁhainthe%earamﬂakpenssabfandln which

preh&aggdc%%s%rpsngofo ﬁg%lén%lr%ssgpgdﬁ 'r:llﬂ%t b:\er31 éfﬁ? mpld half
operatlona ? i ng Cool I ng mater of {'fie
via copofemgunubtrdwn ofhparohcutlze ecomessn sonsiereéngf hblke mold
nalfd 25 typical robot take-out system may include one or

nore sets of cooling tubes in an array, and therefore

the cunul ati ve mass supported by the robot quickly

anotheeongscBl shgnifticaning@per aiddldng tubes is that they are

expensive and time-consuming to make and assemble. Further,

1nlsh and

the operational mass (i.e. including cocling water) of the
cooling tube is of particular concern considering that a
typical robot take-out system may include one or more sets of
cooling tubes in an array, and therefore the cumulative mass
supported by the robot guickly becomes a significant operating
and/or design consideration {(i.e. inertia or momentum

considerations for the robot). Moreover, the robot typically

operates to remove many tens of preforms in a single cycle

(with present PET systems producing up to one hundred and
forty-four preforms per injection cycle) sc the energy expended
by the robot and the technical specification of the robot are
unfortunately relatively high. The provision and operation of a
high specification robot therefore impose considerable
financial cost penalties on an end user. It is therefore
desirable to configure and manufacture the cooling tube

according to a simplified structure and method, respectively.
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and/ or design consideration (i.e. inertia or nmonmentum
considerations for the robot) Moreover, the robot
typically 30 operates to renove nany tens of preforns
in asingle cycle (with present PET systens produ6iMmgch 2007
up to one hundred and forty-four preforns per
ParchBLRELEON 1GY L L) a0 Lhe enecav.exnended By £081ERBObhanne1s
he technic Speci |cat|on e ro
as @Fﬁflé‘rttlﬁ{ﬁéﬂfel POes! atGhasIng i ghin Tt’@ pr@ﬁf@xbn *aﬁd reduce the
oper@pebakilonaet ar38nBi gBo3pAgi theation robot therefore
i npose consi derabl'e financial cost penalties on an
end user. It is therefore desirable to configure and
U. S. mbatfeadt ies t he, ¢00l, 6ng tamke 4 at2@y UBMgake aypical of prior

sd | fd ed_ st u n t hod, specti vely
art i on i CHASPE S 12 ek TIRE VR Lonpligly avicn an
exterhalcowldliga hemmeatsl Hschehaﬂlweﬂwﬂwpenutehammﬂﬁaqa1of the
tubedb®ff,0rd %Qe%%@u9§sthﬁenoﬁ% %hb@%@ltﬂﬁsﬁth éﬂﬁf to enclose

cool i'ng tube. U S. Patent 26 an
the ghapg: 3?991?%%&ﬁ?ﬁﬂa%feBFﬂﬁﬁedaﬁﬁaéﬁgtQ@ihrﬁqmathe liquid
coolbheytshewrauteeki agotihether pedywi th an externa

cool i ng channel nmachined in the outer surface of the

tube body, a sleeve is then assenbled to the body to
WO 8idBeseés tHeschanasl andtpmpukdaganmemdloshdtseahed circular

w00 B Boay >0 57485 8 EBPhaRkecBokier' ng ol a1 ha

has C|rcular cooling channels included wwthin its

EP 0bOo 150E%l@cl%@e%70argdt%?é@38§n95_]8{19§£1819”&%1%‘1“aJt_rll@ﬂJdes an

that includes an , inner and outer coolin
l“neﬁsééﬁbmwﬁﬁff%ﬁ?ﬁ%ﬁﬁﬂ?%@ cRaARBPLY Fﬁeﬁ%ﬁ%%m%%@ﬂlQBSChannels
ther®atenkeMNo. 5, 870,921 di scloses an extrusion die for

use in 20 producing alum numalloy articles of

extruded shapes or tube having a void with defined
U.5.i Aeeenal Ndi. mendi/én S2SUMNBRY oGE sTHE |dNENHIOM 25 e for use in

di f a fo t I n n,

oo e andy o 2Py 8 P AR ed THERBLG M or cupe
haVl%gs%nﬁPydf%%th@?ﬁ%ﬂﬁ@ b%teﬁn@élﬁim%@ﬁyohot and hence

mal | eabl e, nol ded plastic part after it has been

ol ded by a ol g oLy UGk UhGe TSatiDSs

According to a first aspect of the present invention, structure
and/or steps are provided for a tube assembly for operating on
a relatively hot, and hence malleable, molded plastic part
after it has been molded by a molding structure. The tube
assembly includes a porous member having a profiled inside
surface for receiving an outside surface portion of the molded
plastic part. The inside surface 1is preferably profiled to
substantially correspond with the outside surface portion of
the molded plastic part to be cooled. The tube assembly also
includes a vacuum structure configured to cooperate with the
porous member to provide a reduced pressure adjacent the inside
surface. In operation, the reduced pressure causes the outside
surface portion of the malleable molded plastic part, locatable

within the tube assembly, to contact the inside surface of the
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assenbly includes a porous nenber having a profil ed

i nside 30 surface for receiving an outside surface

portion of the nolded plastic part. The inside

surface is preferably profiled to substantially ;g5 yaren 2007

correspond with the outside surface portion of the

nmol ded plastic part to be cooled. The tube_assenbly
poroubsaueniet udes asvat@urdlstauctur 8ubshRfPgiréd portion of  the

outsQQng[‘z%Egc‘é" E)Brttri%n?’%qum%lsmmlé O RFOVI Qﬁoﬁ cooling, to
reduced pressure 1El%gcent the inside surface

attagPerati sl fhes ekt bt bEs GPE63098E T e it gfgieprotile of
the SiHSiare QQEEE@G Ofartdlewﬁalrbﬁabke gobdednphadt i ¢ipatduring of

| ocat abl t ube_assenbl to contact the
the shebfe %ﬁrFﬁ%e d* (g %uﬁgaﬁﬁréﬁ’%: ﬁgréﬁs fembepast one
plassbcapatd akl pweacsubdtantial portion of the outside

surface portion of the nalleable part, upon cooling,

to attain a profile substanti al corresponding to
Accorfigngr oftidl e “of S%%@“@nsﬁéée§ﬁrfé€% el WwAEREPRtq invention,

struedlstanhiyab rdissfpguramg ;Q_’foxﬁLdé'HE shape pbrbhe edbsiideg cavity
surface portion of the at ast o lastic part is
that o 6 FORATIREES: di g CD6 PSS Eontc hipebt TP ULHG PredShire  for

recefinvegt ion] cebliayure apdhelvelepshate pnavildecd omadleable,

mold%%oééré%gokj%%tfgfét%ftéo Eﬂ?t I% %%ﬁ&%gﬂgfgegokgfda molding.

EVRcdam gt rilct P8 for 't edetvin
strucbuoking Thea epatdwel yokdtinsante hiehiceimallbdabl e pﬂﬁbdédmembex

form@ha%@dﬁEHtﬁ&f@u§fﬁ§£ek£amasT%%e%dggdgn%§mb@rn@h@ﬂﬁalng (i)

tructure. porous cooling cavity iIncludes a porous

an Jv’r@mﬁj@r Slfla?c‘r‘@@j fhemm 4 popeusi had efPalSubfHépordusy reflect a

shapBeRiFer; i ﬂwurngofl énlau@@m@&ﬁﬁ:ﬁa& as® thatmbSded plastic
ofile ugstantlall reflegﬁ shape .of a
artlgi

Fti oﬁn‘éf éjnl utdi d St ade@ B4 Higst e vacuum
coupathcl ezranduftki ) od vabaunpomopbln@embemctume cbmgigured to

coop%%gggwhlgguQ%%n%aéﬁﬁﬁnégfﬁéﬁl%{etgoégﬁﬁqggfucpurgeratlon,

ure cooperate W e va
redupedV|@eeS$lmr©p@rch1aQﬂnt t2@ r dogéeg prvssare adf acdm porous

membbhe ¢ Hsidg suriace gbrthenpaspushephesibie cayseathe of the
portion of the outsjde surface of the nmalleable

mallﬁépééd“ﬁlé@ﬂ P T 2 bl eoht &6t q%%%.%esapﬁéé@ surface
of t8k Pheper aumomnher &0 Bs idDlakl omet batettisi darface portion

urface .portion t he nal art,, upon Qolin
of f% %; oable pPSFEF Apon colilné) | [9,E99,' NG, profile
substantiaily correspondlng to the proflle of the inside
surface and thereby a disfiguring of the shape of the outside
surface portion of the molded article 1is substantially

prevented.

According to a third aspect of the present invention, structure
and/or steps are provided for an end-of-arm tool configured to
be carried by a robotic arm in an injection molding machine.
The end-of-arm tool includes a carrier configured to be coupled
to the robotic arm, the carrier carrying at least one molded
article cooling device. The at least one molded article cooling
device includes a porous member having a porous inside surface
that is profiled to substantially reflect a shape of a portion

of an outside surface of a relatively hot, and hence malleable,
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25 substantially corresponding to the profile of the

inside surface and thereby a disfiguring of the shape

of the outside surface portion of the nolded article

is substantially prevented. 30 According to a thiwmduarch 2007

aspect of the present invention, structure and/or
mold%&ep%r% %l%rOVI ed for an. end- of arqjto |_.configure

5& “¢&iTired B a Fobotfc EFm t5%n i Son ¢
evacypl dbngshaechitnes cbnd ignd-<of unrRWaEuatmc¢Mdesla through the
Gar &b &onf igur ede 19+ bg, coypled , 60, th BIG
porothe carrier carrgg%g at | east onb no %u' Sméﬁggrtrdﬁ%%hts the
evacyablPhg Hevite. t%ﬁ@“@th | east p@rr@%rdedl@@tﬁ@rréace to cause
the RAOLERPledRviIced @Qltlidﬁ_% &mrm&rr@@@foﬁgvrn@ﬁbér to expand
por ous |n§|de surface Eﬁ roflled to b
Lo &iiB% ant APy TEHTRCE a ORragy S 'a pBREFBAT ofd gnSubstantial
disfootside sﬁrtmaasﬁager@fath&ebwthdﬁe antthenceportion of the
e h. 2007 d article. The
at l%%%LO?H ?%%%8f%$%ﬁergi§ Vngéggn evacuati on
structure configured to evacuate the air through the

AccoBIRYS member . f@hE@@raEEB@ctth%fpoﬁgﬁ§ Wﬁf@§ént invention,
orts the evacuation of air throu or ous

Stru‘?ﬁggﬂe R te TFERAUSES e Hel9%a q:_r nelndeernafeﬂtéloé mold

roboumthEheth&n@@kﬂﬁ&nﬂﬁﬂhﬁldtOr@%Q@ndlnkQu@@%e &M 0 arm  member
with,. wherein a substantial disfiguring

her
conflgu¥% ﬁgpe 5t tHESRUTST de?SdPFERE péfti off BFCHen aF01dlng
machi@@staowerpha$UaDqﬁmQUﬂeﬁrﬁ@ybetedppl@d&ﬂanthmgatﬂ Bember,
the f@%§ffe95p§§£r$1n he aPl €3€ $5t|n¥§Qt|88 de 8trgcé Lfe cooling
or ste rOV|ded or an |njec ron nold”
deVl@%bo?heTHE iLapest icow msildladbbott iaks udes] by agay reebéncludes

a reﬁ@ﬂ&bgér%%ﬂdﬁém%éﬁﬁ@ﬁsﬁgvéQbaQ§n£o§8ubnh%%tH%nsurface that
nachh%EFna carrier configured to be coupled

is p%%ka%gaFﬂrﬁB tigldKe redracEr a3 atd IvagEion of an
outsbme noldedartdt] @ caelliang vedeyi (Ble)t Thenat heast Oﬂﬁlleable,

mold@gld@dl%&trchﬁhcogl|n device nc u ur?%%g ?ﬁaﬁﬁ%%ydes an

Sus ‘renber having “a porous |%SF8
eVﬂC%ﬁtﬁ¢medtr@CEWDQtaﬂnﬁaUUyedetbeGWﬂ@U@hapeﬂnd @ porhiomgh the

at l‘éfas%n ORIt s;ro%@yrrleﬁeed ebg&rg%%nhotthen% NeNGE nember
mal | eabl e, "20 nol ded article. I nj ecti on nolg Lb

SUPPYEr§ heltN§ ncd (RIE koD evakuatibn %@?%%@@ret%@nfpgn®ed inside
surfd@e evacuadess herad rmhhreyghet h1ded article within the at

least one porous member to expand to come into contact

9udes an

therewith, wherein a substantial disfiguring of the shape of
the outside surface portion of the at least one plastic part is

preventead.

According to a fifth aspect of the present invention, structure
and/or steps are provided for an injection molding machine. The
injection molding machine includes a molding structure that
molds at least one relatively hot, and hence malleable, plastic
part. The injection molding machine further including at least
one porous cooling cavity having a profiled inside surface that
is configured to hold and cool the at least one plastic part
after it has been molded by the molding structure. The inside

surface 1is profiled +to @ substantially correspond with the
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at | east one porous nenber. |In operation, the porous

menber supports the evacuation of air through the

porous inside surface to cause the mall eabl e nol ded

article within the at 25 | east one porous nenber 1@ yarch 2007
expand to cone into contact therewith, wherein a

substantial disfiguring of the shape of t he outside
outsd@lef FU& IF6r iRRT ofon athfedst lﬁ?egtpl%‘“seil}eli‘)%*ﬁ%cl gart to be
coolpreveried 1n§@cﬁ@©@r i 119y anfaichtihcaspeed dindlhgies at least

resent i.nventijo tructur and/ pr_steps_ar.e
one SR oI Sh [T kot ol oI Ry i RSV TG = lower-than-
ambuemtecpn:eﬁsrmbdl hg nekhi nens hd¢ udesraow! dilg stpauctturan, the
1owef§g?§1anwam§e@tt 'E%%sme 5&#9&&9{@' %oty and h hga%aee causes

eabl e jg asti c I njection
an qgédHidee Furftans P%twc@n n@fafthﬁe@s‘-t lﬁﬁfneo@%rﬁ gstic part to

cont@@@! itk caviiye hauirrgca Qf@ftﬂlédatn%éé%ts%zﬁécﬁoﬁ:ﬁﬁk cavity,
is conf| ured to hold nd cqol Eﬁg at | east one
I

wherBRacH cSPATIAN Eor O F IS TBEEN Hol GBE By Wife Wol APfg Ontside
surfaeupbitéonThe ithei de lsukfacee plpsafid edrtto is prevented.
substantially correspond with the 7 19 March 2007
out si de surface portion of the at |east one plastic
Accopaingt dobe sixﬂkaSQ&mii@fetheoprﬁabdtngnW&®Wﬁ@®,mS§1ucture

and/o@0|%% e%t %ﬂ§kr M ugn%& ﬁ@&ekthQEoﬁ§ngssurelatlvely,

con provi a | ower -t han- mbi ent
hOtrtoaﬂﬁe ihﬁ@lcée @aslflgé@lehn edrad ol asfd 5 part wherein a

subshaweratihaa: arbieninPr s UEBeadiRgeat dthethBSidl@cside surface
face portion. of the at

Surfacg ses n outsi de suL q.
portignsi© nﬁ‘& adfi 975t £8° BhtattCt A Sthsitde %%?Y%%%e The
metholl hﬁ&kﬁdd&%ﬁﬂeOﬂEepsroﬂs cdavi tagcewhiet@i htha molded plastic

partSUbRLATtLal i all oung rof Lhe s0anengl thecouheiden insiae

ace po of th ast I C par
surfpcevemat. lSlelﬂ@Eﬂolédin@Ot osxabs,wmhl@sbmcoafrets@@nd with an

out sREESeRL HFAUENT [P« i SHT USEUT €he aNfll e ST 6P5a & £ part to Dbe
provided for a method for cooling a relatively

coolghd Hédce ARIMiCHEI% 2 Mot HEE Pl BREEFEUpar P AREPE Frhﬁ profiled

insiskebstattical i sfHgusdneuof cébeishapevet yt Raueuhsi dee outside
surface 15 poé; n of R?e at. | east one gastlc part i

sur e, BiEsdomh S eET ThoSeE bpsCopbYpl e Bontace

theregath|agdthEh&mbdgd plc&astine apaBUmeB@taaﬂdﬂOU$Orrespondlng
shap%QO| @Q Ca%k%XaE@@Bgln% QQeSfQQ ”%%%? molded plastic 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.

According to a seventh aspect of the present invention,
structure and/or steps are preovided for forming a molded
plastic article. The molded article having a shape of at least
a porticn of its cutside surface defined by an inside surface
of a porous cooling cavity that is profiled to substantially
reflect a shape of a portion of an outside surface of a
relatively hot, and hence malleable, molded article to be
cooled. The molded plastic article formed by the process cof:

{i) receiving the malleable molded plastic article into the

porous -cooling cavity; (ii) evacuating the air surrounding the
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surface that is profiled to substantially correspond

Wi th an outside surface portion of the nolded plastic

part to be 20 cooled; (ii) providing a reduced

pressure adjacent the profiled inside surface of i:bh@xrcr 2007
por ous cooling cavity causi ng the outside surface

t t he | asti.c part e into . s
mcldggat%£$59{%er %ﬁ dﬁFﬁef%by at?ﬁfﬁfggéﬁbsfgntFQFF§St1tlal
spacedr ridsgondireg C@hﬁp@ur€d||%lQWQra¢ﬁangnbédE fsonfabe of <the
porofBl dedo Pl ASt i 4 PAE: Zéaﬁgiﬁgghtﬁehe?grgH§ﬁepg%lo@h@atgut81de

to solidify the no part tot ext ent

surfapgt of h&hghHpe def! Pﬁ@S&&tCsuaafetlsqﬂﬁ dee mave pieker yedtact with
the agmbi(we)d ejiectidyg he faRledednpl aﬁﬁéﬁeﬁf,r“@d)eattaln a shape

to a seventh a sent
subsPRERRTH 08, b5 el Ptani e Sha e i B b iAacaur sace s and
(iilformmu;aEUnmgﬂhhaqﬂﬁm¢mcthetmmﬂ@edTmﬂaHﬂﬁbdaﬁfitEéethrough

d heQ@Vqu%Sq %I%q%% CE{) tq{ Egagg 181@% ttlh%n ld tdSOQ giE‘?ElC article

surface defined by an insi 4367 &S
suffabPnhyy cavichy ik T%Emrqﬂ¢¢©d5h@p§ubsiahhemmqﬂded plastic

art1&E§|e§§ ap§@§@§v@£ a PRELL PR ofhén 882%&95 SU%faEﬁeOfout51de
rel ativel and hence nmal | eabl e, npl de

sur 556 1 ef otho B0l eBonedeTh ded 4 et HSsien 2 surface
finiflor medaby tberpepeass ofsubEithdtaceilMi nod hernal | eabkestitial |

I Iastlc arti c e into t por ous cooling
Spac%%v?f ?l 3r%%%dﬂ%?|%ngt%%v F¥ surrounding the 8 --
-------------- 19 March 2007 nol ded plastic

Accof@fﬁ&let5ththe§ Q%Hra%% ég IdEENéﬁétl es aCG%nventlon,
hat " are conf |gurg al ong“the inside surface of the

Stru‘b‘b‘l‘%%s 26 dlangSEapPt yaBausinny idwsl pdewi on ofoqhienlg tube for

coolﬂM@Shﬂe;m&MﬁRﬁpecﬁf the ﬂﬁh@%@l@hasﬁbgdéﬁt'8&@1&9enn¥§ce1ved
ontact with 5t Eg profiled inside surface and
Y

thergilhy oy FECaTHaTHe 2 ehape PRI dN5PLBFeap o ngoo ing
tube t anthedprofdd edxinatldd Sﬂﬂﬁacbod§n¢adjng)aﬁXtMQﬁkkﬁgsurface

at he, mml.ded pI tic article, throug e
and g?%s?%% ?%% %a ace%xﬁwélfy P% &&d :¢ ?lng channels
dlSPQﬁQ¢ct@ﬁf%@§¢W%¢@nthytsa®hanbaﬂ QMeenuhenygnmmmaﬁ fihesction

of é@ic@ed:lﬁ:g@Stﬂ:é‘d}lo afﬂédc?odflrpéegfetﬁ}y%e e gi"n rSSludlng a

portion of the outside surface ed nD
connettafg cChatiet ectakegusnd absiivegse safiichicstp i channels for

intewoiesponts sibstasdl ahyychantbesi AheLStitt idlast one cocling
circuit, a seal configured at each end of tube body for closing
said cooling channels, and an inlet and an outlet in said tube
body for said at least one cooling channel. The cooling tube
also includes a plug disposed in a distal end of said tube
body. The inside surface of said tube body and an inside
surface configured on said plug being machined to provide a
profiled cavity that substantially conforms with a profile of

an outer surface of said portion of said molded article.

According to a ninth aspect of the present invention, a method
for extruding the cooling tube includes the steps of: (i)
extruding a tube body having an inside surface, an outside
surface, and a plurality of cooling <channels disposed

therebetween that arranged in a longitudinal direction of said
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spaces of the porous cooling cavity. 15 According to
an ei ghth aspect of the present invention, structure
and/ or steps are provided for a cooling tube for
cooling a portion of an injection nolded article 1g March 2007
received therein. In accordance with a preferred
enbodi nent, the cooling tube includes an extruded
tubet fisslshod{i havinAghaRiPfsitde sitfide 2Briageariolilas dsube body

to siﬂ:fsf@ﬁﬁslaﬁlrlq/ acphBbahi i caf ool d)unﬂeﬁh&ﬁhli@a&e dcu_sp@ﬁedmolded
Hereb tween that. arranged in a Ioggltudlnal % jﬁ% n
artigdedai 1t tbe BOW-IFHE Codl i AGPEEE T Tr t ARP I Fﬁfen the
cooldangcehneokilng ehanrél)cdpingugedhbetdeen sai d cool i ng
channel s for interconnecting said cooling channels
into at |east one cooling 25 circuit, a sea
The cortigur edraenéaon endventaabeubody Harv e Ag cealdng tube

st rue@@kkngrghannghSe . ANk and nb%blangaﬁmdwt lgtgi ns@diently a
tube body for said at |east one cooling channel. The

JusteBeLARg L BBEStaFsoPRAE udB§2%°Hl uyHiidposddd ncgoling  tube,

ther@b%tahm@@@v@hgsak@bh@bﬁesBOdmf Thﬁeln@ﬁéﬁdﬁﬂf@@@.obenerally
h al.d tube .body. and gn_inside 30 s rface onflqﬁg ? ng PET
en a§‘§|l8gpﬁ}’gdb Y rachCREGVES  priovi da%a COBrstit et cafPtynd
and t hate subsﬁaﬂkthgwmﬁuﬁtmwm wht h aCQtaﬂdéhydé amising from
r; Su sald partion |.d de r :
prOl%H§%Pd|n5£§8§u9 |n?%§asqg%% OP%IEE%n egg%t f%é%é%#%éﬁy high
tempsrﬁéuﬁ@@ 35 dher  exaridi n@OPﬁén@oolal ndgse ¢l uges present

invehR€ost eBéanicihilyexfé&%é‘sg aHaube ikedyohaving afglresence of
i nsi de_surface, an outsid surface, and a pl ural

ty
unac&ﬁpéégﬁﬁngh&ﬁ@nnéﬁ%“ﬂﬁ%pd%%d a?%%?%%%?%%%n Rat the ~ finished
plasaﬁz:ar;gﬁ;djudt,a koogi tau;dlmatlrdnkeeidmm{eﬁal Hen®f1Qially, the

2007 be b d hi h ,
oresfirf nifverei b i gy | haTEERAPng, LiFehiEed® and defined

at Ty~ cont or'th

shapwi tif the owtdedspefracesofht he ﬁopdedorartlcle (iii)
configuring a connecting channel between the cooling
channel s; and (iv) formng the plug. 5 The present

In 3dfdntoton hESamEGEoUs| JRPRBYI 6es & VeshadfP e provides an

extr%ﬁ%@Ck%kﬁﬂH@Htﬁb@Cth@ﬂS1%0d%%ﬂlﬁ*ﬂﬁﬂﬁﬁh@ﬁﬁ&ed and whlch is
ef fi Ien%ﬁéﬁi ust - nol ded Iastl ar.t ted W th

of aHe SCRHiErEDY THDr ovPRGS Fheitkearaded robot

specﬂf&b@tﬁbandrg@nﬁraméyts and/or improves robot cycle time.
Furthermore, the cooling tube has enhanced cooling capabilities
as a consequence of improved and integrally formed channeling.
In addition, alternative embodiments of the present invention
provide cooling tube assemblies that are capable of vacuum

forming a molded article.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will now be
described with reference to the accompanying drawings, in

which:

FIG. 1 is a plan view of a typical injection molding machine

including a robot, and end-of-arm tool;
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10 enhancing cycle tine. Mreover, in the cont
cooling PET and the unwanted production of
acet al dehyde arising from prolonged exposure

ext of

of the

preformto relatively high. tenperatures, the rapbduarch 2607

cooling afforded by the present invention

FIG.be ef30|al reduce the rlsk of. the presence

15
unaccep? ? hlghE?eve SE At dehy @& A% h ot assempiy

accofflpanghed appasfecrpdodmbodlmaoh a$ ahdr pokseont anmention;

Beneficially, the ' present invention seeks to

mai nt ai n

a required and defined shape of the nolded part, such
FIG. a8 £90etlot n 2GCtACagdi-t IO, EHeYPPEsBAE vivsht | Brough the

coolaﬁtg‘alﬁbbge‘élsb%'e)’nbﬁﬁp\ﬁﬂje@h@nFIQXt PULRh LR Ng twent E'aEreshly

moldgd R&F

beneficially, reduces robot

east {Fgﬁnr g red and which is of a I|ghtME|g

speci fication requirenents and/or inproves robot cycle

FIG. tﬁ"%kﬁbﬁﬂﬁ}éﬁ Egcﬁlohggjﬁg) ﬁpg%ﬁgbgog§§ngp a%%eg%%%embly of

cool 1 cap consequence

the BRG-iAtegral lgtevrpednchanneinng. | n addition,

alternative enbodi nents of the present inventi

on

provi de cooling tube assenblies that are capabl e of

FIG.

vac iR F6r mt n§eatABRdedraiidic) €ie 30CBREEE DESER FRFEnply of

an aOFe it DRAVENGEnExeppl ary enbodi nents of the present
i nvention will now be described with reference to the

acconpanying drawings, in 35 which: FIG 1 is a plan

FIG. vbedepicastypral omjeettoonnbtdi of RBRGhi Be

ncl udi ng

a robot, and end-of-armtool; 10 19 March 2007 FIG 2

depi cts a section through a coollng t ube assenbly
FIG. a@c@?ﬁﬂﬁ@sté gepitépar téd cawbodinrerto ofinthel Wresensembly of a

secohdVEM e PRate Riddbodifent ctsn@ sectional, but

exaggerated view, through the 5 cooling tube assenbly
of the FIG 2 enbodinment, with a freshly nolded part

FIG. Jasﬁepoadeda EbEtléndemmeh@hatﬂaﬂddﬁlﬁﬂg(ﬁmﬁb

tfiesembly of a

thlr&ogi ngnéﬁ eggsgimeH% the FIG 2 at a later point

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

preferred embodiment of the present invention;

FIG. 10 1s a view along section ‘A-A’ of FIG. 9 cooling tube;

FIG. 11 1is an isometric view of a cooling tube

and

porous insert;

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

alternative embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

The present invention will now be described with respect to

embodiments in which a porous ccoling tube is use
injection molding machine, although the present

equally applicable to any technology in which,

11
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FIG 5 depicts a section through the cooling tube

assenbly of an alternate enbodinent; FIG 6 depicts a

view on section A-Aof FIG 5; 15 FIG 7 depicts a

section through the cooling tube assenbly of a segopd... 2007

alternate enbodi nent; and FIG 8 depicts a section

through the cooling tube assenbly of a 20 third
formgtfennareceipadiofeithatFirart is wndeeta bl byi ewceplang tube

or €geali MkéUbeF@ﬁCOé%rﬁleéO & hdr &ﬂ!ée%@c enbedifmmn Ofcan  find
t he resent i nvention; 25 EIG is a

vi ew al on
applé&éttFSH 2R A2 PG, ’téa&lééﬁfngm%%mseu & ran agj afnjection
moldis@nekehe nei ewdok aleeehbndgihgbeapbriews i nsert; and

30 FIG 12 is a sectional view of a cooling tube
according to an alternative enbodi nent of the
FIG.i Averitavon. 2 DETALLED DESEREPThONCOE ITHE lRREFERRED) capable of

c0uo§@¥9Phg§NW£9 3§ EE%lEEe dﬁyQﬁ%'Qﬂe“kb 1ﬁ%ﬁl¥hbe of the

escri bed mnt respect to nts in
presgptousn¥oRE i pg- tLFBé‘f%@ usédhi n1BIpFhsPPc CYR}ectitdie molding

machﬁﬁtedllr@g pEsdices al hhayeh the glra&,aﬁru pme@fmen b$ parisons)

ual ty applicable to a tech oIo
corr PRBAE hhrt - HE 19" NI 2005 TS Lt et phene8ol fRGined by

compmémbhahrgambldshamdeeta@enlbylaceoeulmgthuhethermbhalne 10.
i ke. For exanple, the present invention can find
application in a part transfer mechani smfrom an

The | ppgecronn-molding nmedihee and a iylowdes di ng theeti ngpecific

11ml§aEh9n 1 NP dyPicahrd NERERI Q% Dl di pgymaahing 105 and a

capabl & of = _co-0 erathgSMAth a device supporting the
movapdgl Prgtedbd fof WhePHESEH, i MRemeerlidupingeradf 15 moved

relakﬂjv@CtﬂcQPtﬁib!C|f§,xefdhep¥@iéh nge maehihagnio o%ogﬂﬁeﬁe acylinders
nu astl c I, or or parisons .

(not CoPBaknEndPhg 5 t Ha Ko ErogP PEPHCeants | dletihangsy in the
machhme,ceﬁpMammnﬁﬁqduﬁy(bdﬁﬂgpfﬁdﬁhtéd-Ithrme@hmthhinse of tie
barsta% 5%61 ?Iﬂgn fﬁ%ﬂ é%ﬂg%rgwhﬁgetﬁgt typically

i ncl’udes, speci tation, noldi
qenegﬁfﬂeetmerr@&@lh e%arapﬂf)@@rd:em ét—eﬁ 16 lqreon e tonnac_:fE) 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 movable
platen 14 and the fixed platen 16. A& robot 26 is provided,
adjacent the fixed 16 and movable platen 14, to carry an end of
arm tool (ECAT) 28, such as a take-out plate. The take-out
plate 28 contains a number of preform cooling tubes 30 at least
corresponding in number to the number of preforms 32 produced
in each injection cycle, and may be a multiple thereof. In use,
in a mold open position (as shown in FIG. 1), the robot 26
moves the take-cut 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 into
respectively aligned cooling tubes 30 by operation of a

stripper plate 33.

Coolihg tubes 30 are generally shaped to reflect the external
profile of the molded article (e.g. preform 32), sc 1in the
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15 novabl e platen 18. In operation, the novable platen

18 is noved relative to the fixed platen 16 by neans

of stroke cylinders (not shown) or the like. O anp

force is developed in the machine, as wll readi iy Bech 2007
appreci ated, through the use of tie bars 20, 22 and a

hi I in chanism 35 that t ca
Contgg‘rt‘}era e% a%ﬁbl nfarrp %%rce GLde cggé%?e toﬁﬁﬁﬁeFIEferably
cyllnglmgaélyhydﬁaamcm@ndeﬂwe holldohaltwes=42, ed4h having a
chanh@getajfertﬁ@n%tastem@z@reé@l goﬂﬁ@@"c@ﬁl yt(ba% %ga]c%%ﬁl %ér suction

more nol d cavities 22, vVes
uniti gdesRLNa¢dared e o‘FHJéa‘ﬂ)f 2PRECKDVABPA Y plcdibnthie aRgforms 32
in thbetfibkediplaten 16. A robot 26 is provided, 25

adj acent the fixed 16 and novable platen 14, to carry

an end of armtool (EOAT) 28, such as a take-out
Genephalg, Thiget dkeecoutut plpdtae28280ntdi bs e nurdigre Df elther by

coanE€'8ﬁnkﬁp leE Bfé %%pre hQQ§uH§CQ Zggondlqg gg@ﬁznatlon

er to the nu er o or s Gcedr
of ﬁﬁﬂhﬂﬁqQﬂﬁmyéh@luéhﬁgw@@ﬂﬁ;&ﬁhnM@tpteQHﬁnnﬁﬁs,Ias will be
undeM8€ood0 in a nold open position (as showmn in FIG 1),
the robot 26 noves the take-out plate into alignnent
with, typically, a core side of the nold and then
FIG.Wd t Shonti la nabd;eﬂn@rtﬂweeSaége;gblypr&ﬁf OkBBmp32%iAKe an inner

poroSh! LRBES: SOMpEERPeCting cance LI fSsRetlLVell, o corne

alumgnuinpgervipiat @ 38orGedkiyngin ubes: 3¢ aae gsﬂerabég%d:a to 20
d f t mpl de

icrSEPeT e, NEILE She st etnale Bl gk e Pl dggerassy

ticle
achl@‘éﬁ@eitroalf %lnﬂfaepf pt &F oFmtierid ado o Y guibesi 80 are a chemical

remoPE Bf @babby u@ihéﬂ@ﬁ'%%bbim%@%p%%océ&?ﬂu@ngﬁgchh@hk@?@tltlal
t ubes, eacé having a channel. at the base thereof

SPaCEPniect edEHCE N abtitin o SsuBEPERTeBRT t B TRRY abiteWalcing  an
lntetoaﬂrammandtQEeSImMa¢luﬂﬁ tbemﬁﬁﬁéﬁrﬂﬁn&Zod@d§1t@@ either

n the take-Qut plate 28 wll
honeﬁggﬁé §9 ?he %88 *doRR&EE N P%iaﬂ%ﬁﬁ%ﬂﬁe§QYﬁﬁ?&ﬁn can make
use SﬂhkCQMMﬁOIC@Vlagc@ﬁbﬂﬂ&ﬂﬁbnthoﬁugbcHﬂmquegbsmmahaﬂlm@terlal

havililc?t§rQ§EeW@{1gglggaEH@| §an S W I3 lﬁ% AD Andes;si Oog'zbelt that
2 shows a_cool |n%_ e assenb 50 conpri sing
read}%ﬁepommerc1ally avallable 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, 1in 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 1s 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 1is a thermal
conductor, with it being particular preferably that the thermal
conduction properties are good, e.g. a metal-based or sintered

composite material.
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porous insert 52 nmade, preferably, of a material such

as porous alum num having a porosity in the range of

about 3 to 20 15 microns. The porous properties of the
substrate are generally achieved fromeither itS {9 yarch 2007
material configuration or a chem cal renoval (or

adjustnent) treatnment process . in which interstitia

V@ﬁdcégaaﬁédﬁﬁﬁﬁ@@ﬁrlN@%A?9§ stfstqomE natiéreyt aluminum and

eponrQ@@th%aﬁﬁng nt ekinal retFMcs Br et R8bni sb6QERWBADOS aluminum
danalogogg ﬁg ei ther 20 honeyconb or a hardened sponge.
POWAeHe af PnVERtYon “€af ‘nake use of comuni cati ng

channel s through the substrate material having a size

A ty?)l‘ich ecé&mecfnt?lfﬁ)gfag\s}%ﬁ?ggl @OC'}I{%&? éavlepesucgﬂegrnal length

dlmeWETAPCRDf aﬁ@oquUE@AngJ(mW@mnufr@@t,m ed iy te interior

dlamle%%rr@fl apalcMi ot gely 2o CorRRr-atdOMet &F €of about 40mm,
di scussed with respect to the preferred  enbodi nents

withged&eised HEEITH-OP0r 35442 GSing n By e¥bRe, af the molded
artlfcul_@ct ion ebusHef aQﬁJHdﬂ”ﬁBy Ayl pagdi RIMO]Df Faeskt N@liameters

and RpbrTa1 oa i £ el GRAEPact0R- TA A BT ePs Pedng cooled.

enbodlnent the |nner porous insert 30 52 is made from

From’ St r UéE#E&QQY' ng, el 'el@tﬁ% eSt " nEer oulEchanical lyso 55

prop ertles por ous
prefemgbﬁw dovlad eal sigr be hade bpdm édbstm 1$ kgurrounded by a

sleeg%a@ytftoéilﬂé cﬂ&ﬁﬁ@[@bl%rtmgs§4§%wﬁmﬁr P@rgﬁé optionally
insert 52 is a thermal conductor wth it

bei n
cut paft ey istef éPéEﬂe;?i t e 2ERBLL He? n&lheSStEQﬁdu%?‘iiEn 54, and
conv@yower&¢@slrw; efgaed, (©.g. aimt a@a@ased aricpiiptieresl cool the

osite terial. 13,19 rch, 2007 Wi | |
bOdyun erg?go&%%Mfﬁﬁ%iﬁwg?S & |r€ﬂ?%ﬁp%f%595mqﬁﬂﬂaﬁge molded
plasepcxypaiE’Sl nirhavheg ponmdws r atrisedf bét-wekachbouio65:@0%hannel
um, nd, 35-10% epoXy. JESI o G At Y
prEfg th% g?%gggg§b|t§50 may havé:§%§%nf%rﬁﬁf¥lg%&?h151ng 2
pluréllﬁﬁHSI @rﬁ ofrgEHaGE - 10@lﬁ>r19ﬁ|tﬁétré§0(6ﬁm whjcfin &ﬁtend around

greaktBerd@n shangt es of rabput 286w 3Fd A0 OW fle diaARECEr of a
of about 4093% w th these di nensjons_ reflecting.the

resP@icitéVSf PABLABPded?VaFY  cl &L ERFTolFSEY  t bEs Ge Pody 54

coulamdeingfl i bE erdnte cdilamet lee sm4d 01 andolpngthst ¢ oastidatt heink to

redu%%rEiC&&ﬁéiﬁégf%nggﬁﬁp%ﬁgﬁhﬂg ggok%@ 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 60-62 between the sleeve 56 and the tube body 54 contain
the ceceoling fluid in the grcooves 58. Channels 66 are cut or
otherwise 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 &6, 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

plastic part. The vacuum is applied through the porous insert
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From a practical perspective, the porous insert 52 is

preferably located in a tube body 54, which is

surrounded by a sleeve 56. Cooling channels (or

passageways) 58 are optionally 15 cut or otherw sS@9 march zo07

formed adjacent to the tube body 54, and convey a

cogling_fluid (e.g, air as, or liquid) to cool .the .
SuChbg'fﬂ54aa§%§ﬁﬂ;¥n%%??egz,éﬁﬂﬁgdpgafﬁéchéﬁr?raﬁvtﬁ?own in
FIG.nmol,deids phastd ctpakipand hien ppipeistongeut-h52an Eacher surface
82 (§po£hgg§ﬁh§ﬂﬂgl- referapy i ed Lo have :

Cross-section céﬁ%%?gfngﬁg Egggﬁu?%fi?§&éflgfcagggf heat is
condgrpfigatie®s| ohe WRiLehdextlerftb a7 opAdt Jileater andant®0%gh the

poro@f angereurnferencenef capinsidedigh@yess10f @ is noted that

respective cpoling cavity. Alternatively, the tube _
the baa§l%a0nco% d 3i fARE @G T R | P& n&fnalthy coapifedm 032  is
exaggeheatdsiink IDG. r sducel acleanbirmed avefal kheweleghhteftive of a

N | u n nd- of - arm 25 tqol 28 rovi ded that the

tlmehggshsgﬁé '§%§§6a|ﬁ§(a %ﬁ%mfh&ﬁééﬁﬁélﬁQﬁﬁ ﬁ%%tC?Pgﬁ?g tube
assembpyebBrmin unit tine. Seals 60-62 between the sl eeve

56 and the tube body 54 contain the cooling fluid in

t he grooves 58. Channels 66 are cut or 30 otherw se
Undef o3t G 1R exferi Wit Uit f 86e WCPHBROUS | heept-5Ranndnbient

presPhovi de PpBans: teuapphy arvacuumt hsoughntbe RAIOWS air to
1 structure %g t he gorous i nser 25%, O her than . the
oW  FBERECE 68¢ t R B er Kififace? of TOHe i ofrgSigs surface 82

therénferndS2 it comdigelt edosuciTHtikatswecgoad, sunf acen, causes a

0 t 1S [ [ bet n.the insert .52 and. t he
1owe%ygggﬁo%@§%%£9tEé?gg§get%topﬁr%i%%t%EaFuFFgﬁgfégff$%%1m01ded
plasthe pordus GHEEIMT t dtt Ko nodded inplastértgart wiThe the inner

surf¥asugm b8 epplied,t hr pughy-t he, porous insert 14 19
March 2007 such that a freshly | oaded nol ded plastic

part 32, shown in FIG 3, is caused to expand in

In aSIPEE tantiQuaineart iwngl sumkaeeor82igketrhe RAMOMS 3-20 micron

inteigéf{t 1 as shomg in FIG 4. Tgus!V heat is conducted
FPohTtHe nBPasE®pl aSPPEPAPTEA32 YBCHMT t MESiFgH Hhe stor  the

systgor eus i askievsRleo wihdhigooked tubegdody S54bolit iB54 to 762

: h € POSi 1 | of rt,iqn_80 of.ih
w12 0LRL 1abo, Lbe B0l olo QRTE.ROT LT L1p3 G pecrer
evacyat;@pr ga8Ht/at | VEOWSTVEX s tilfe WHeA t ke prefleratpsdbethgt the

applidd rogduced pptosthe ngbiﬁgtﬁﬁﬁ%ely determined by {and is a
functicn of) the mechanical properties of the ©plastics

material.

A positive pressure may also 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 coocling tube and the ocutside
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
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assenbly 50. 10 Under application of suction or

vacuum a | ower-than-anbient pressure is present

outside of insert 52, thus causing air to flow

through the porous insert 52 fromthe inside surfagey,cn 2007

82 thereof and into channels 66. This suction, in

turn, causes a 15 | ower-than-anbient pressure at the
outegupapidter ade ‘gic thechprdeBaypl 48t i Par tRTEERY nhie along,

for EQafpye bﬁﬁﬁgﬁﬁmgﬁﬂﬂy\Méﬂéﬂiﬁhlﬁﬁﬁﬁloﬁugia EoﬁngEethﬁe neck
gorous I.nsert ﬂ? PET enV|r nent 1 @%TA C§
finipRs@t tﬁ’f\/lﬁ’ﬁf cr Hﬂweﬁﬁrl’ st9R9 NG phdes, and vacuum

struoperat i aaal hacmimpgm@urm fmfmc_fne argysStoemtdrom (s) of the
achi ev bIe 4.to 47
preforpljjl er§ ?&g ? t‘"gg:lnc gsgﬁbﬁghg#cﬁgbe(use%%ndlng on the

plast3c6paBéckiers iogy advhttilon pempion HoweVeeredf wiekflibeg cooling.

er d t a a S i §-a
FurcHpeT B0 ket e ok QUGBS Ry P sopiea i

one, rTEtéH%rnl eal 'grciser PFodIe ¢ ﬁéaaﬁést%sefﬁﬁfrér |‘éﬂr1%15 cooling
profﬁ!@@lst bv:etweemtarﬁlrmxpaaitso her appdriete (by fBEBE Pbr8ion of a

nd I| seals t he i.nside of
pret el oy U REGud s Prs Shrebirhe Sora e 5in | Bg; cooling
tubeg mﬁﬂﬂ@naohhimn@mopomglbummfn$héepmﬁfane malyt hoeigkrought

1ntotg %tagqugpﬁie%h%§Qkﬁﬁ.%%fﬁﬁﬂ%efore aPQ£8Pr£ & 1In general,

ressure renti be ap
the b@méeﬁmt hési néndecsotfate vftthhetbsol pﬁg tl@@e sHiet h&0  for

suff@HE%hge tﬁr‘:tr f @Bﬁ%(o‘ctot hg1 phastidh Rar thadependi ng OEhé hgreform
shape of and the cycle tine praovided fo

withpRE &gl i ‘ﬁaar| tof sApPager fed SitWat  Yheh erfiice %%R%ﬁldent upon

prefsuif agecef atthespref anm ¢eyksrdeiccabnaut profsaef ace and
spherical outer surface at the distal tip, i.e. the
done 80) contact the porous insert cooling tube,

The glotrbeuigly arf Wb 19cMurshi@B07L o4t erarprinf i lewefedhéo improve

the Bh?%gEg] %1s%n fa%¥’1 ﬁ%?”guéfgééaéfpgof %ﬁé Eé?gggeinsert

any I'nwardly taperlng ortion roxi mate t
52 ipj goshaett tHd pridformnldxd m@w Pepe ebdl Fhgrebyeminimize

any %@Qk‘iﬁ%u%‘ﬁ S U L1 NBr bes desi-aned. t ReBhiENHgaBYe porosity
the 5 preforminto cont th t

of tg%ghh%% gfa&éﬁén NG 1 Heeduces tCt %ﬁow o?ealr passing

therethrough. A modest flow reduction can be tolerated since
this does not greatly impede the effect of the vacuum created
or diminish its intensity, especially since, once the molded
part’s surface contacts the insert, all airflow ceases. The
airflow rate only affects the speed at which the wvacuum is
created when the molded part 32 initially enters the tube 52.

Porosity reduction is achieved by milling and grinding

procedures, whereas additional process steps of stoning or

electric discharge can clear debris from surface interstitial
spaces to increase porosity. In any event, flow rate through
the material 1is a function of both applied pressure and

porosity, as will be readily understood.

Inside the cooling tube 50, due to the partially coocled, but
stil} malleable, state of the molded part on entry into the

molded plastic part, the wvacuum will cause the molded plastic
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plastic part design and the portion(s) thereof needing
cooling. Further, the vacuum (or positive pressure)
may be applied in one, two, or three or nore stages
to effect various cooling profiles of the plastiGs march 2507
part For exanpl e, a thick portion of a 10 preform may
b% into.imedi ate contact wth tﬁg}coolin

OEX

parttube q%a%?tﬂ}ﬁﬂ% “hoPPRok 31 3Pfe 1570t m hay %Qlded part
is brbightedi nto cnnnmmnumnthppmeedootongndwbecﬂi ddsat ekternal

surfgbge LR+ 9 geggg, lrw@r ngf oLm4is.in cont, V%d}g e mbient

cooling tu for Icient tine onIy
presggpgst handl i ng of the preform 15 wi t hout any fear of
damage arising, with this dependent upon preform
terial, size and cross-sectional profile. The

In EXGroirt ¥ UBP e poidsust o< tt152 eakied Payier éd Pgevents the

parti mprayesntdeirspur facehétnisho( itk ﬁmwgﬂssuaEaQﬂrﬁZQa@E cools
t no

rous. i nser 20 52 .i.n cont act h th
and SIPEl q)<c pZIrI% gﬁdgtﬁgF’gby Hihi T 28 %n?rﬁ’ﬁ?k E‘S &fl‘%st?ed end of
the @@K@e@ugah3131@&pfa@® tRéduoimigl ¢ heheososptyt deédyheprevents

the 'o@ﬁa@’s%&%ﬁdsgroﬂo%\iq W:LFTlggest f%lﬂf fekn%\gc be@its the vacuum

passi ng therethroug ow reducti on can be
causgg| hgt &R IS riee C]tlﬁ]l’lgedééé@ﬁottogrséaﬁtﬂt)ﬁfiﬁm@daftEh%lmlnate the

cleaebhest @Bat;hema&li@mlfyr eat8t2d ofetdiddNi Sil_'hétspart s outer
|ntenS|éy, especi a since, ance the nolded part’
sz g e LBAY SO HRA T AMTed | GV Aceases. the porous
1nseatr520m1rate only affects t he speed at which the
vacuumis created when the nolded part 32 initially
enters the tube 52. Porosity reduction is achieved by
In thil [basg aﬂﬂ1@@1@@@nglaetpco©@dmﬁe§auMngwﬁmamﬂkm1moﬁaatures,

suchprao§e§§e3t§r9§a}9cﬁly$t QRIRG QF %)GJ:'@f&I[lI G i sghacge vs;f‘fl not be

clear debris fromsurface interstitial °~ spaces
substaglbasey patb8F ey, 1hn SHAY e PRENT IGW aﬁt@qrrﬁwghphase- The

confifersaieni ahdi siaef ld):flcﬁ:ltf)l@n 1@ftél@ia|l %&dﬁﬁé@lcg{§§®;ﬁ"€he porous
and or03|ty S W y under st oo ,
inse ﬁ5|%£ tHe cd¥i9hg e %@a %? Eﬁ@mﬁgﬁFlaWF§Ches or 1is
Sligh‘obj/ed,arbmr shihl mle@hteasm)ahezgofdibnmﬁelrdeﬁf paht part
n ry; in I acuum
belng C%?)E:lg)lﬁise {:ﬁ En'g:i c?l%rpcﬁqlg gﬁg%g %8&%/% rlngt of the
Plas?bce&%%ﬁdSh%P%raneter and per haps | engt h. The nDIded
part

End seal 104 (of FIG. 3) at the open end of the cooling tube 50
provides a means to initially establish (and as necessary
maintain) the vacuum within the assembly. If there are sections
of the porous 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 required to ensure that the
molded part remains in contact with the dinner wall 82 and
thereby to resist the effect of shrinkage of the part as it
cools, otherwise the end seal 104 may be omitted. If the vacuum
were not present, shrinkage of the part would cause a
separation between the part’s outer wall and the inner cooiing
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
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IS subjected to a vacuum applied to nost of its

external surface, while its internal surface is

exposed to anbient pressure. 51In FIG 5, support

| edge 100 of the nolded part 32 prevents the part g y..cn 2007

fromentering further into the tube 50 as the part

cools and shrinks. In this case, the vacuum draws the
provgpdsad @ndtbf warIpar ensureRerinhta the conbéchhihetween the

moldéﬁeﬁ%ﬁﬂﬂytoﬁ@éﬂesﬁkﬁxéet%dHJEﬁ@ 9ppesedsendhOa11 82 is
ol Tow n In all embodinents the vacuum causes the

malnﬁéFPeﬁotghQﬁﬁéméﬁ3p80931§ﬁb§?5ﬁPF§PP§eel|n1nate t he
clearance that initially exists between the part's

oo Y BT RS AL TSP g LOpeL 48 36° S reray

|nsért
fastphasdt ko pam@sﬂmmnrq;(ﬂakﬁﬁqut:@kﬁmwrbbo bsuahsaseWhé12. The
insekfWapdly E%FE%V ‘?ﬁ%df’%}'ﬁﬂe s 5 I 88&19? 114, which is
substanti al | tered in s ing thi's expansion

threaﬁaée o ‘féftﬁnf ieGal aﬂﬁontla%d @4% SOdhe>fnt @f ndlastened or
othe@i/BASI 164 the patpustBeri r@@fwe&&@ncﬂ ”&Q@n@UChA cooling

.that the ter tche sli er .t han
£Lui i habrEda e et 7ot e par ot §erRETER0I Baelet 116
are tgwsripteVenhi nchsubatankiralphisd i gavi.ng ofrathem channel (or

| asti ap 5 f F at_+the
passg ewaggdpfééthg;cg% %ngg?g%fggé ]j‘rov?1 eség%ngéF ng% 110.
Afterm tsuélﬁhylest:abbbgh10andtameneb@§sae§kapﬁadm aithp t Necuum 1s

releéEHU%‘MH hﬂ)f‘eé@@r§§§§n@ﬂcfllofw they elﬁ(f@r§§6¥1' YB tRE vacuum

pOfOUS I nsert hat dO no en%age W th portlons
pumpoffwwé:l%lr ef Gt *éh@h Pé’éftr e ofid 20BeShdwe™ ik rogling tube

asseRBlOWsguppothikeg@es30r-r2Q0, then the end seal 104 is
required to ensure that the nolded part remains in
contact with the inner wall 82 and thereby to resist
FIGsthe ehidedt wfowshan nkbgermdtihe @abodasent foooksgooling tube

150 C_)Ltnh%ﬂ\i&(; £H8 %%eseﬁéd%ogsh“ cEetlg?(gn %tl%%v-el fa]{é“e% éeplaced

uum were no resen age O e par
W1thc@@sea>§:335:lesbp*amla¢| shabetonedm inse mmqasabut:@@lmgl channels.

An ﬂxﬂnmﬁnl RN&T- GO NGsowakbrRE e | REBEl B2atanthd contains
hence a resultlng | ass of suction), thereb¥?greatl

integppddrRGIERE (TEREFEr dF hedta rafhtt AbtpaRETELY connected to

each other by grooves 156 at each end of the tube. Sealing
rings 158 close the ends of the tube to complete the cooling
circuit’s integrity. A porous aluminum insert 160, having
external grooves 162 that act as a channel for the wvacuum, is
located (inside the cooling tube 150) by a spacer 164 and a
collar 166 attached to the tube by a thread or any other
conventional fastening mechanism. The cooling tube assembly 1is
fastened to the carrier plate 110 by any suitable external
clamping means, such as a bolt 168 and clamp 800. This
alternative 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 shape. In this arrangement, the

end seal (reference numeral 104 of ¥FIG. 3) between the top of
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the insert 52 and into the cooling tube. Thus, the
continuing 17 ----- T 19 March 2007

provi sion of the vacuum ensures intimte contact

between the nolded part's outer surface and the 15 maren 2007
insert's inner wall 82 is mai nt ai ned to naxinize

I f 5 t to FIG 3, th
the EO0MRG Pt dBebntrs SOOFSeprareFably Fieed 195% 100" is
not caceseRrgr. wakﬁnﬂmhspimserﬂlgobyla serlew WilZhiThehe extruded
tube'ﬁ%@r&nﬁga ﬁoif ?'E%ﬁ %J§S§§?g?%egy2§600||ar_%%g top of

readed onto e end o
the f%%@bm dfrubebt Hemwi $&igouphed byhanyextheted tube 152) or

fastéﬁ@MeB§|%m¥ éﬁﬁﬂﬁblé\ﬁQQHEnQTﬁg'@dﬂﬂ%ﬂﬂﬁﬁweltyﬂigﬁlly made
and a cooling fluid channel outl et

frompﬁgﬁw&éﬁqrPEhEh%aﬂﬁﬁgv ﬁ%ﬂ%?@ﬁIF“V@V%%ﬂuﬁPcmﬂ%ﬁﬂrm to the
1nnetopro;ﬁassagesmy>)e 1201 isf ahsoopenviedad dfm ttHée LHLHEI 200 that

te 110 Af.t.er, uff C|ent cQ lin e s elapse
matc$%§ vacuukti &4 Sl *WPTh’ pr gﬁh F%@B a‘ﬁ FB% @RFt Peing
coolédveﬁ@antqﬁlameZOaC@umwlﬁeﬁump éﬂattmﬂﬂsuﬁﬁutﬂémt efficacy
to aRabl he) SELeM, TLEINENG CROIIMO LUPS,-ATREMOLY (30 DYuse che

hi's pressure, Ptern
Parteﬁﬁbd?ﬁ@ﬁﬂdfdﬂlaﬁaﬁﬁ|ﬁ@ tiie matzd v nfwki choahest ukde inner

surf@@@y054tﬁﬂﬂ the- st egue %6%156Ih?pé@§§dcag@sm”ﬁﬁ.ﬁ@ ?referred,
ruded tﬁ$e t hat contains |nt%gral cool i ng channe

that fhe ) BEER Hok T ST OTF 155 F of s fie ftdiSe "By Bnest entering
it. mnntannsev@mmegﬁak;cabl$M@w§haame5311§45kﬁﬁu Al® can provide

rnat eJalel= t ed ea h ot her rooves 156 at
the 2%% &Tof % Ebe %ga?9n3: r PRGEY 58 cl'GEed he to  become

effe@hﬁ%@oiftﬁe t@@el@@dc@%p¢ét@ thescoofingi®% parcuit's
integrity. A porous alum numinsert 160, having
external grooves 162 that act as a channel for the
MethQ@guui Fensléeaténd(imsd dé!aHY cobBEi ngedibeg 150)bdsy d4in an

operé@ﬁ@@él1§ﬂv§ﬁénﬂenﬁp|b@rth@ﬁpﬁk%QQHEQﬂ#bﬂﬂE%ﬂLEE’Q&c@htuate
hr ead ,or an ther nggntl naI f ast eni ng. nechani

coolﬁ%% ggglpﬁg BSR4 SESFEGPE qﬂgve Brlefly,
a pccam$|eoobhagetmm@ bynanyustietiabine sexicerdaalce clianpidige of the

embo S&fhtﬁé gagg Bt1§%v%%% %laq% 800 Tnﬁéﬁﬁ¥%é?%r%}lllng

a ternatlve enb has "a Iomer cos
or eXREuUdANd rjr Qvééllf}@oltiq’@ efbbeilehry ey vig t @e rofroiss cooling

tube eXthyded bogdys, opticnal but preferable, cooling fluid
channels. The porous insert may be polished, painted, or
otherwise treated to reduce porosity and provide a finer finish
to the exterior of the molded part. The cooling fluid channels
may be wholly enclosed inside the tube, or may be formed by
placing a sleeve over open channels formed in the outer surface
of the porous insert. Vacuum channels may be milled or extruded
on an outer surface of the porous insert, or may be provided
with separate structure adjacent the porous insert outer
surface. The closed end of the cooling tube may be machined
into the tube, or may comprise a plug fitted into one open end
of a cooling cylinder. Appropriate seals are then fitted to
either end of the cooling tube to provide the reguired pressure

management, as described above.
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conmponent. 35 FIG 7 shows a second alternative

enbodi nent for cooling a nolded part having a

di fferent shape. In this arrangenent, the end sea

(reference nuneral 104 of FIG 3) between the tOPJ%mexm 2007

18 19 March 2007 the cooling tube and the underside

of the support |ledge 100 is not necessary. A porous
In opegettiopg0 tihe herdt wiehiedt RéaektFuded U titbeeibpapyed from &
mo1dC@adit 20dnd hahskstthr eafded 202 enba ihhe @k Ofnat Reeferably

cooling tube (in this case the extruded_ tube 152) or 5 _
sealpgst By al¥esui FabldEHEANsOT TRETESA arv AU/ 15 applied
throtighi eakl porade ifrsemaalirdimurherother| skefaext endseof to the
innei ey dfayceto ﬁogf gEM tcoal}shlen igger rosftiiI ed Sggp%o‘zog’ and in

of aﬁ‘open sRa 8F Tt h&disdld 0 that” " 'ratBhes, 6r TE°
lengshi ghd yilearegery, thanothattofthehdnpernt deifmce cobl gtie porous
inseIg? C?hgarcggﬁjH%PVLﬁﬁ§U9 affic91a§ﬁ§f'Ehfghgﬁffkﬁgcycooling

10 to all ow the vacuum applied to the porous”insert to }
changglse tWEtrpat o @ind FROBI z&hto iRRTME el yNEREL, which

extragakngleattherddinerhe skbf acg @faricthe wmsersuandcecovt . cbbling is

one cases i is preferred that the part has | ooser
comp IR, SRR | bbb e T suhtarphy oF t the NAgyRe 88t nave
solidvéned R & chews=dowud fliid eseal r2gQddag) pr ovhde db-uum is

ce1ehIEANSSEERty ANULM 5ALT 1Y LAY B LUMMR.  into o

. ne _ef_ ctive a a g, ooser
bin ffoxi mipiparing .Meflioddeof ralohst r uct Pogigdndeusbngsshee can be

appl?@@”ﬂﬂk&&ﬁ@stﬁénﬁﬁkuﬁweéﬁéhﬁ8§g %B”f@fggn%%éﬁnﬁiﬁéd part
present 1nvention to accentuate 20 cooling and part

fromt bhfaEPEhiRgvEUBBen described above. Briefly, a porous
cool i ng tube constructed in accordance with one of the

embodi nents .of th resent i.nvention js uf act ur ed
Thuspy R TS STt A NECd B0l M Tabecdenbiipl Gube assenbly
for hae ngnarpordusccbihg ngf palre iladder tcaridsd apbldedl pbuts that
era oqQl.i f 1.ui 25 ] I o]
orovPAELPE hEap 80T Mt th “2pEaRaPe! Syckat Ak Bact fetween
the pertédgucstsonosi tuafricrevildéhg findarndlni epoled shneface of

the @i AfurQhd henaol desh pagt .cykhe coohinggfLuidsed post mold
channels may be wholly encl osed inside the, tube, or

coolpgg H@VPSFnéHf§$rﬂﬂ%%n¥@F% §|@@&@UHVé¥>dﬁ%hGQR%ﬁngﬁgand the

partf aometbntrdihetbet eoolwf agerface and to maintain contact as

part cools, thereby counteracting shrinkage that tends to draw

the part away from the cooled surface.

The present invention may also be described with respect to
embodiments in which the cooling tube includes an extruded
tube. The extruded cooling tube has particular use in a plastic
injection molding machine, although the present invention 1is
equally applicable to any technelegy in which, following part
formation, cooling of that part is undertaken by a cooling tube
or the 1like. For example, the present invention can find
application 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
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30 of the porous insert. Vacuum channels may be m | ed

or extruded on an outer surface of the porous insert,

or may be provided wth separate structure adjacent

the porous insert outer surface. The closed end @b march 2007
the cooling tube may be machined into the tube, or

onprlse a fitt d i,nt.o one open end. 3 a |
pIEfgg%PE 1% de %bpr%p Fafeds edts %F?héﬁm?itgéa tgth an
OutsedehéuréndeoBBﬂheamodnanﬁdLﬁnxﬁarqnzﬁﬁdéorhepeequhﬁ@don the

pref@?:ﬁ?%’lﬁe FRRAGEIEN t%a§ugg80§5 eﬁt&@?\?é{gs 19 é‘c?cgivargtf circuit

I'n operation, the Just-no asti ¢ par
for o5@9htied Fivea SHeFaceavhy a%kaﬁnswwqhaﬁasntéonhetudlnally

oriefie@Hi %dllibﬁ_; ariga s ef er alyy fﬁﬂic@db h%rx%'rﬁhs:fglﬂerbetv@een the
% rtlal tﬁgyu i S aeg t hr oug
ins g8 SHET PRSer P2t FOR AR thet b OF ot RRetbe 352.
The iqdrirsur flasent her &6f4, £ﬁ®$b@@nbh&e@|356Qét$F¢F ih0 a desired
e th i contact. the inn
tlow R dulanatdd By S ATRDEE il “RRhRRRs  FRLi s 36,
and cﬁhQNHQﬂQi§ﬂ@herghu@he covhéged channel ssoexteactidgsink of
coolgﬁﬁtﬂHfHHlﬁelﬁQEQU%ﬂdB§ﬁ£lewmdﬂbnﬁaﬂga§§§ heat &B9M ¢

t he nol art. Wien sufficient coo

conngghbie: 6hORREASt RS CeREer HOCSa atestht Har s dedse of tube

352, pa:fett\nl'aa’is\tﬁ tBel iglifdak a@ﬁr@@@eeVﬁm sUfifd ct88t inside surface
|d|t the .vacuumis released and the nol ded part

d
52, | eligleiotknd PEOBRTINS oftutEeheR lise g, 1. The
conndeSLm@bthanaebesBﬁﬁvarpreﬁsm@@ can chee sippd iled i@&pﬂ@@ rings

358. th%’h\éa Ingq’% t95§or9ﬁ %Ugl l%%d par§5b gj-5|]£,e retalned

t he coo éscri
in apgyepveoski hget C@@@ @@ﬁe@@l%@ CffortftmeC@QﬂperOE/GUmeoB5®lgby snap

rlnng3Q€rb'@'d%&o%%mfé@gezﬁ’ﬁﬁ%Smégﬁts RhRVI RS &hﬁg tube 350

intain intimte surface contact betwe
furt?%@ bﬁFiugaéx?eﬁﬁﬂt%ﬁthk%ga%@4th@S?ﬁF@ﬁn&Pt@oﬂﬁﬁjbase and

retabnked ate; okholigetrub®edur ivig t keneeahi ngleycl®ss Tﬁ%cludlng a

con LEEL05e.poe! L g, ccooline dovice pilelal Vuses B ..

vacuumio's
Operbem@dOButhac@oaﬁ@MNmﬂnﬂrmszmnmnﬁact ahe panrttredolslug 364

alsotmevrcel%ecsougt epéeggﬂgeshéhgkggsur% o ffg%drs L draws 25 o 4

t he art away romt coo e present
Vacmﬂfhv%ﬁw%ﬁ rrﬁ?raltf?@ B s | pedagpiAtiegpast tthe transfer of

a preform 32 into the cooling tube 350. The coolant inlet and
outlet channels 390 and 392 of the cooling circuit being
provided in the central plug 364.

The tube 352 preferably comprises a one-piece extruded tube
with longitudinal cooling channels 354 that may have a cross
sectional profile selected from a wide range of shapes. Using
conventional machining technigues (e.g. milling) to machine the
channels 354 with the shape shown in FIG. 10 is generally not
practical beyond a length of about 4 times the diameter of the
cutter being used, thereby limiting the length of cooling tube
made by this method to an unsuitably small range. Therefore, an
extruded tube can be identified as one having an integral
cooling channel having a length generally greater £han four

times the minor diameter of the cooling channel 354, or one as
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enbodi nents in which the cooling tube includes an
extruded tube. The extruded cooling tube has
particular use in a plastic 30 injection nolding
machi ne, al though the present invention is equally yarch 2007
applicable to any technol ogy in which, follow ng part
formation, cooling of that part is undertaken by _a
haviggoki igltstsat gyl thee ke P ForoxatpledrifidipFeséang channel
354 gﬁgﬁ@tion can find" application in a part transfer
anismfroman injection 35 nolding nmachine and a
bl ow nol di ng machi'-ne. FIG 9 shows a sectional view
The thpoldghga chahhr@st uBé435@oafean ienbadienermixtafustibes process

provgdgée%haﬂH§¥g|€€r Eggﬁggg!ﬁ¥hﬂyb§os rc%%ate in t%e tube,

............ referably conprises
extrextiondedhone- girege tiube };B"ﬁzfcmﬂt h3an tfomlsql'detélarf’@@@e inside

surfaed, 389, 'ﬁ%!d%d%¥i§§3u§§21£ 9981@5&”9099 th81ing channels
preforn132 The cool1 ng tube 350 includes a cooling

354 cigeuphovPoritobifng 1d3h§ur?%%%?%82’th%?amﬂ%1%dé§4 are

prefeeBBl yudianahda) <5 staipeit, ed clapldng:chasnet s 3bHator gedsent a
ext rusi on bet ween the ,.i nsi .surfa 382 nd t he
Fakbod“RR1S

b
Largglh §008 18 FHd 554 4 He T S¥oobtgetably, the
cumuthannel saﬁ@mlmeeoumﬁct ed tapgket REonigateddesiped I$owreater

than dglcﬁr§ QL by, &fr OLx£onpecis ”Qa‘&ﬂa”é‘féﬁ%ated slot.

thé coo |rCU|t connected to a sourc
belnanc:h@ ke U1 eéoltéilm eMmiougred npeglandfouat efrc concentric

withchangel o3P0 and 322. ihe QQ%neﬁétﬁQnﬁBar%@ &@5%@51%111—1@; a
| ocated at the top and base of tube 352 et ween

maxighis| e sdrfgdd 38w t 1S ngﬂaﬁgé‘*&?fjac%lo’csszsu&ﬁd a shape
workeXtendphaetmesn thsrerl rwaammﬁlfngomhanpeéswﬁ%zmae to the

connegt i ng.channel 356 are gl osed on, one_s
0oL GBE g TRGS 15 g C TRACSBAP| Ag FINGe SBRPCFARL dafngOTtIOn
of, s&ai51@59roanmlt§tmquxtheniasgdeowwnﬂadduﬁabpthau contacts

the gﬁ%§t9&1pﬂﬁ 9£§H'§93$u88e3§90$%t%ﬁgg}<%g tu%&ﬁ% giow rate of

nown fasteni ng neans € Co

coolapit HePHHdaeRY at8ent gDl 60384 serdértgd imtofites of the

coolBase canGindietsa negubynshoukder R3&ke el cenbIaht pranel 354
364 |nclud ﬁagafo contoured i nsi de surf

poe 308 T4l srveignt
Cf05§uﬁ68FthH6 et wPE8V18F6r at g 2on" ¢ Het bot tomidergveia
coolphef aime3Z50Lhetleent rakupt 8g 1364n alworanc| mdes aeduction in

the RISSHUWE ﬁﬁgPQdaég%%bf§”1EOQHEﬁ§i&Qyt%m9 considerable given
that some carrier plate assemblies include upwards of 432 tubes
(i.e. a carrier plate assembly with 3 sets of 144 cooling
tubes), thereby allowing a lighter duty and hence Jower cost
robot to be used and/or allowing the plate to move faster

thereby saving some cycle time and reducing energy consumption.

In an alternative embodiment of the invention, the four arcuate
shape channels shown in FIG. 10 could be changed to only two
larger arcuate shapes (not  shown) so that one channel
represents the input and the other the output, thereby

simplifying the connecting channels 356.

The central plug 364 preferably includes a contoured inside
surface 303 shaped to substantially match that of the part
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vacuum source, for the purpose of assisting in the

transfer of a preform32 into the cooling tube 350.

The coolant inlet and 25 outlet channels 390 and 392

of the cooling circuit being provided in the centibaharch 2007
plug 364. The tube 352 preferably conprises a

ne uded ub th | i t.udi nal _cool i ng
bein hdﬁ%g BSEﬂ% % Eavmi%gcfﬁy 30 %E%F?Bﬁ%#y' made  from
alumpngmuleusblﬁwm@ﬁn¢m@nta wicdd rangegefeshapes.ofUsthg preform,

tipn In t ni e. m 1t
o RO N e 00 L RS e e ene
coupipnps OfeEralddplidy Pradvid baltbeyomdcarteagt Rlate 11, where
neceabﬁuy 4Ptr|oﬁfﬁt%ﬂbhe f@lralrfﬂieer J_Qfsfélﬁee | &@éﬁf&%b§%gglgsﬁgeferably
mti en ool i ng e ma
at 7y S HbaCEBER: s E bl SRR e hngé hoT Gt e, Blug 364
is @ aiewtd uldedweteubeth&n skimmbtmtl Bced &S ohne hadlAgg@nube and
the kALROLAL LSQQL NG chanpel haulbd.a, | epalh generally oooo, oo

greater than four The i nor dianst &F
bolteoglsi rfg:@waiﬂﬁbltc35¢ou@ﬁeo¢émsco@11m@ vabeh 3200% o the take-

t havithg @ssuhitt@@hl akl Mn&oas%t t en r
o8 Egb %PC annel %54 shape. %Ee coofﬁ%ﬁjnﬂagﬁglg%ﬁg 364 and

faSt?BFP@d F e 1R Ustish prdckesths frdr@ed dharfirel 28 may be

usedfor cooling fluid to circulate in the tube,

extracting heat fromthe preform 32 through the tube

inside surface 382. The cooling tube may include four
Exempb@tyngﬁchahndlsdiaﬁms@a@sshoﬂneindadknﬁp)tﬁbe shapesor an

arblg{:af a??gk 1$15@2a %COEICS g{l yﬁl'gg C%J_aé§er§hagiwéntlon suggest

fots t fat pres Fger coo
a  rgpreagetakewet hdendenl | ed habest Pl@ﬂ@mablynqthean interior

diam&HEH! 3t U ANIUP dhm eXBEAt Rfc e | aehppgat ed Sl ¥esid S41mm. For
reater. .than 180 degrees, the angul ar_ extent of eac

Such o BGn AFREF 5P Y CBEHAG Y HelhRastiPe dfotheiToffarneds 354 are
prefangbbyof abcatc COACRALIi €n W thﬂ:hﬁe@@ﬂ I ngbbube WBDIhm in

- nu oints, de arc |length
Clrc?ﬁ?%%g%g%he%g oﬁgj P géﬁgﬁg§3§ﬁ> e tvﬂrﬁ§mﬁolength as
tubebpﬂhnﬁzeaﬂh@ﬁnﬁthr&h&feoutsen1aupeefmﬂndﬁﬁfhmemm themeters
and ¢egLeAt dishird h&g | gRgLhat, %)gle[{]d'§hérlr gggﬁeeagusur aiﬁeéaﬂ:reform

porfion of, and in proxinmity to, Insi
32, @t MRNCONtEHES  Vied adderst mize, tﬁﬁd ghedadlie thannel 354

dimefifitoms ghareolpi@s fh oW r at®hdf cooling tube 350 is preferably

made from Aluminium.

According to the present invention, an extruding process 1is
used to form a tube 352 including the cooling channels and a
hole, the hole preferably sized toc be smaller than any of the
plastic parts destined for cooling in the tube. The extrusion
process 1is consistent with known techniques. The tube 352 is
then cut to length and the molding surface and any other
desired features (such as connecting channels 356, sealing ring
358 grooves, and any coolant inlet/outlet or pressure channels,
coupling structure, etc.) are then machined. The central plug
364 is then machined, including adding desired features (such
as coolant 390, 392 and pressure channel 394). The central

plug 364 with all necessary seals is then installed into the
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20 cool ant supported by the |large cross sectiona

profile of the coolant channel 53. Further, the

preferred cool ant channel 354 cross-sectional profile

provides for a relatively lightweight cooling tubg .. ..n 2007

350, that results in an overall mass reduction in %e

carrier plate assenbly 11 that nay be consi derabl e
coolgngertgs: t BAL, somedcdihd epeplang asbew®l i8S | néFbdeseals 359

1nstH@W@5d§_an 4§2ety@§§m§l r8ng® $AIdTES Phak@ASSHIDLYd botton
3 sets of 144 cooling  tubes), thereby allow ng,a

of tllﬁegrﬁ%c?lﬂdtﬂ ytaha Hefce S%whatosh® Fadte Rheeiieky 1s ready

for andtenlakhew sgtbhenhpl abheetoumopeataster. thereby
saving sonme cycle tine and reduci ng energy
consunption. 30 In an alternative enbodi nent of the
in ainyemﬁéxwedthmbbdmmeateuaﬂea shapecchapnehsnsikdwn 376 at the

top lﬁé &P Eﬂglqﬁﬁﬁacggﬁg nb¥o§$@ed'§¥ge@a@ﬁfﬂﬁﬁg through

Shapes (not SO t one  channel esents
alterﬁp £ @ﬁ?qqﬁi%WheWa%h% d@P@ﬂShQWﬁ%eﬁﬁ ?ﬂ? cooling Channel

354.siAWpl Lhyi '%Qlkte.h%lﬁ;onﬁﬁgiénQBCh@BdS‘@Jcém35@ndTh8fCQ'Flter atube 352,
64 preferably includes f?contour rﬂSlde

SlmliaFf§3§e§@§t§h T SUbstaht f al Pyt hat'of MpfBined to
connpattthéZcbﬁlwh@pmhaﬁﬁéldmaﬁm @m@lpﬂovihe cenheatiphegto the

coo1 $38 LRI ELEELY dpmds i oguoalupt L a0 FUNCtERDR oueter

ar ea orm
chanphanél2 fd%lttelmuatea:hmmt?a@dcpolﬁael lcheamne itshe354 in the tube

wallc%%%hﬁn%éﬁcéﬁﬁéé%ﬁé'HQr@B@@QeE%‘H%é*%%f%%éé&ﬁdfﬁ&tﬁorts in

ere necessary. Provision for the pressure
the Eﬁéﬁn@Pt3915F§ BBeferably at the plug's center. In
one enbodi nent, the central plug 364 is retained
bet n the should er 367 of the cooling tube and

g t h
N ke GREH A 26MEREEE o a8lenkhe 368 CXth ddvgntion (not
shows(¢r eWweorcodialrtg t@b@rmsldedrhdedommeﬁéfmn@oalbgglmuhecally—

Shapgéoth tQﬁi%ﬁhgilgnggéipgﬁ %a%% AIth es§E§F§fgée, and at

assenblin ast eni i Ng e Co0
1eaStume35©0©blm@erakl@edut3fp4 atf@rmsdnayl beheyseder surface of

the EX@9P! afy» physincal Hi,TBRSI 9080k aff@gléﬁguwbetr;’»éo tube 352
for an 15 arbitrary preform 32 according to the

thergbusRCIPAVEAL 1O SRTGEStI AaHptesentat | veSReRgRRCoprovided
petwabgut tA00MmubeONgI5Aan 4y erdlofeve to provide a water—-tight

connection. The cooling channels may be connected as
previcusly described in the preferred embodiment of the

invention.

In an alternative embodiment of the present invention (not
shown) the cooling tube is extruded to define a cylindrically-
shaped tube with an inside surface, an outside surface, and at
least one cooling channel 354 formed on the outer surface of a
tubular sleeve that fits-around the tube 352 thereby enclosing
the cooling channels 354. Seals are provided between the tube
352 and sleeve to provide a water-tight connection. The
cooling channels may be connected as previously described in

the preferred embodiment of the invention.
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di aneter of about 25mm and outer dianmeter of about

41mm For such an arbitrary cooling tube, the cooling

channel s 354 are preferably about 1-4mmin thickness,

about 80mmin 20 circunference, and about 100mMM 15 March 2007

(preferably the sane length as tube) in axial |ength.

X _course, tubes of different dianmeters, and .l engths
In OBGra b hmdE To ST The GatHetry OFShy RERGEmY 330 that
descandeflerice Wb dd V&, dt32ons! t n itsheprabbantd chasnel t1364 internal

imeH5TBAS] hE 51 L- i I ng; 3204

dlmep?%?e?agﬁi 325 E§§§J$¥§n$A?%n%%%hn1_%é%gﬁﬁl%gmggefhethan the
exteppasefimenganticorf arhexrediory frotesscpsledsedtus, as the

pref%@%nkﬁuﬁﬂﬁﬁm352thn?b&ﬁ%?ﬂiih%ig@?'i%gIﬁﬂﬁﬁﬁﬁLstﬁﬂg &  vacuum
. ho t he e prefer sized to bhe smaller than any
actingg gﬁﬁogghpgggthnﬁﬁ sﬁ%&ﬂiqﬁQY%(ﬁh?xRﬂ¥%ngﬁt?ﬁé into the
coolinbe. tiThe exdrusheh pnocessiingteonsist enk MbbEt&ﬁ@mnof the
hpi g he t 2 i then cut. to. |l ength an o
pref%ﬁ@ %DI%gﬁarga?faggﬁg%%eanéjbtﬁﬁ;n%ﬁ%ﬁ?%d ngﬁurgge inside
surfgsgchods comectiond iobannellse 356 A1lseahnnglyi ng t1858 internal

dimeHE PONES o rANth @NY.0699hgNt: el:éﬂugeetm%ufégﬁéyég to be the
channel s, 35 coupling structure, etc.) are then

Same nrifihell The' Eent¥ allopPeg 8Ban| Shherxhgehpdedsize of the

prefontl bding addieg, desi ked theglcuhfs (SUCHbw asr COPF ARG pe drawn
390, 392 and essure channel 394%. The central plug

Pasts%ﬁévﬁ’%taﬂE%%%%%%r@uggﬁ?ésieyt BR YRSEEted into
the 23 19 March 2007 cooling tube 350, and the

[ ;hNng i 9_.installed.into the . .
tn m§g§|F%gaﬁﬁﬁgéﬁﬁggbgg&?Hsfﬁ£8¥§%,%ﬁﬁ bgﬁ om ‘of %h% injection
molding| Paghitbe 359, muld eRerhebensitrekdssetley nevalehdyplaten

18 abay imskaldad i pncoat githent ake- omtiq phkake 28,10 alrgn gt(carrying

referred. enbodi nent, the connecting channels 35
the ?ﬂﬁrl?ﬁpp%ﬁaeoPSFﬁ@bgﬁbé1%5?®W§? e detp gyold halves 12
and rmEichsndi nghdthr Qu:@hl cabueh@atﬁlns@ggzmi @anvvakééiw@t ta set of
hown)., 0 e_cool i.ng, channe . t he take-ou .
prof RS oL d LA 800 AL EN I PR b5 23 1 0% f g, St ion may
be uatdernatecsepagat foanwdelrs ofndthes powhomarse Imchioedtho cores
23 t&PnEﬁet_&Qﬁlfﬁg'Hﬂﬁx&ba@%?'S?ﬁéﬂgéﬂd$£r9¥%ﬁﬁjl tES preforms
ul infet C 0

connections to the cooling et anne
ther%ﬁa.tﬁgecggpﬁmgq|gﬁqp%u@p§@mbly 11 is then moved out from

between the mcld halves 12, 14, and then orientated so that the
carrier plate assembly 11 is sequentially or selectively placed
adjacent to a cooling station, & receiving station, or a

conveyor. The preforms may then be transferred thereto.

In addition to the improved cooling performance of the cooling
tube, there 1is a substantial benefit in reduced cost of
manufacture. An extruded cooling tube according to the present
invention can benefit from a cost reduction relative to
conventionally manufactured tube due to substantially reduced

machining requirements.

In an alternative embodiment of the invention (not shown) the
cooling tube assembly 350 of FIG. 9 may be modified to include

a tubular porous insert 452, as shown in FIG. 11, along the
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channel 392. Alternately, the cooling channels 354 in

the tube wall could be connected directly to the

corresponding ports in 15 the take-out plate 28. In

an alternative enbodi nent of the present inventiong y.rch 2007

(not shown) the cooling tube is extruded to define a

cylindrically- shaped tube with an inside surface, an
insigat stWelace f 4%, &nd a¥aQ0uleaktr®Hed cobl PAGTERANNgE and to

1mpr85é f@%@?&n@n:ﬁﬁecgétﬁhgsuéfﬁfsl@ﬁc theyd uke 352.bdter heat
ubul ar sl eeve flts around the tube 352 thereb

CondEHEFB& HG RS 26601 itnG chidffis B4l 2 Seat5°4r 80B¥89i dggd more
1nt1hatmeeﬂtnhe H&h6§ﬂibUHﬂhﬁ&®BNe4$b prnovidesaan inner surface

r-ti nnect| n. .The cooli el b
482 5%“ﬁe¢%t ag" aﬁ?evagdsfgb%eéggeﬁe U&%%Q%% %ﬁ%?é??gaured to
corresbodidnembsoknthel livnwarith dme | himgnl afleernati welding surface

of thEbdidRNy 0§2th€hé’r8§€8£ 'sﬂ\é%%‘&:'eoﬂl@%ay S}B‘Q‘A@%?ﬁlgﬁted by a

cool'ing tube i's extruded define a cyli'ndri cal
set sRAped°rdbEVALPRALAN |ﬁéﬁaét%ﬂrfEésssaﬁeoupéna@élels 466. The

presgUi-bacenaangl at 4 @astrene ookl Nngoshanvel 364 Jd®i shing a
on the outer, surface of a tubul ar sl eeve that

regiff efa g 1hE TaBEvS58 PREPely Bhal0s g i nee the portion
of theolpiorgushdmelrs 3L (Seatsc@areherovsiled berdeea #Be and the

outs&gee ,féga@é]d4%| eeglgdt QR €.8 V@;aeéu ﬂeghralr %hlaough the .

onnection: The “35 cool'] I ng chHannel s may be connecte
poroag prtevigusley désdhicherb¥eiis t Raspraf eflf-‘r(édfeﬁbctdiaremlrpose of

draw@hgt Be dIPeeRlian. ﬁ%%fg%ﬂﬁgﬁhl@997coﬁﬂa99e%§EhOEhetQ%ntoured

cooling tube is used simlarly th described in
insigs $“Wﬁﬁ0@3ﬁ8%tOfSHQ%#E?F@HStmﬂS%?% fRfer ndlereby vacuum

formfhfengicons-efotMhe 300l i nget Lﬂ&tﬁrcﬁf@ shight!| ysmal bepreferably

than t he Xt nsions of the prefor bei
madegobP el AhialS ALY t HE 5 R BF br i SHITTET | FE Wit al Such @S
alumshnpm. isﬂhahmaﬂtrxﬂkisfl&nmmmn ﬁmt|ngetpoough ttheert further

char%SEEEﬁkeB' qﬁﬁysréﬁgt én{u%gge%i§§f€#$$%%f88£h98 with a

be”"So th nti |t or cont .
poropiétior mrefexeddal Sur fidre i%amae ntaf nedbarth #hg0 microns.

FurthBsi de ¢garf &fs t hangeoeld ngatube. nA t ennat elamam%geously
internal 10 di nensi ons of theg&oolln% t ube can
|

renuBRGP A6EuT Bdt BEBESERe hehme e PESSr Lo GhEFy targdrusion.

than the external size of the
Yelt another alternative embodiment of the invention is shown in
FIG. 12, wherein a cooling tube assembly 450 for vacuum forming
a preform 32 1s provided. The cooling tube assembly 450
includes a tube 454 that may be machined from available tube
stock, however an extruded tube such as tube 352 {as
exemplified in FIG. 9) may also be used. The tube 454 includes
an 1insert bhore 455 for receiving a porous insert 452, as
exemplified in FIG. 11. The porous insert 452 is retained in
the tube 454 Dby a central plug 464, the central plug 464
received in a first and second plug bore 457, 458 of the tube
454, The central plug 464 is further retained in the tube 454
by its shoulder 467 bearing against the step between the first
and second plug bore 457, 458. The shoulder 467 on the central
plug 464 corresponds to a step in the diameter of the central

plug 464 with a narrowed portion at its upper end that provides
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preform being cooled, so as to permt a flow of air to

be drawn past the part's external surfaces by the

vacuum 15 In nore detail, after the preforns are

formed in the injection nolding machine, the nolds mMarch 2007
opens by stroking the anabIe platen 18 away fromthe

i I robot arm rryin t he
an E%%ﬁ?ﬁgf Fa e ass I nnvé% bggﬁggﬁ tH%l%%lé64 and the
secohdlwéyqubogmd4i& Qétﬂhﬁ tmwecééﬂlnghaﬂﬂnmﬁﬂhmanhannel 465
connkBEEl VG2 ;&%s&frezocﬁr?ﬁ@fsgsﬂ.. 84 E%atsp ? ﬁ%eerdcfﬁgﬁn with a

cores 23. Appli suction may to encourag
chanpphndpdr diat h7es pﬁerajﬁﬁls izp Tfh%m:@]hér@br B3 ug23 &4 tlh@t is in

turnCCtQirlrl’tQ:ﬂéHJein:%QJseanﬂborat@lfcgftahfh&hﬁn PEEERHEE in take-out
11 is then noved

th he carrier plate enpl
platg e‘{q‘erom tﬁﬁgﬁrﬁﬂe ﬁgﬁvegﬁ budeg agfePitfepred inside
surferkedt0dt echaso $@@$t&@@1251yabbteeSpbaae assefd ydddel portion
i ably, sel_ect, vel a ljacent _t
of Ecooilng g?at%%§$ fa Seé%gvf%ﬁggtaglon or @ ﬁvéy%?llng the
regigpe pr@h@r@@ﬂﬁ%ﬂhh@hubeQﬁ%w@ﬁethedtiﬁﬂkﬂdﬁslmnlet and an
out188diddAnrd0 ERENHEPr QWRd CHYD] n%n@eré OpTRRSS %f é}!l‘aemel 494,

coolin 30 tube, there'is a substanti bene
for st LBf COﬁ&ﬁuﬂftac%ran%t AR Yo x@ 't ukel @%ppﬁéaub@ 118
and aecoidicbgdt 0 pirke spiresehardention €gd bearEibufroprace 28

ost ducti relative conventi onal
reSpﬁﬁﬁu qured u e1838¥ 8%§ﬂﬁﬁé;ﬁanb§n?%ﬁﬁcé§O 492 of the
centnabhpmugg4ﬁéquunfnﬁmmsheBScbnnantaﬁtebnai|@mb11ng groove 493

) coolin
formfgﬁggqgssenb yt%%esh?\fgﬁé %g (‘ﬂ% bg@ﬁﬁ%’g 4f5| egphte %r¥ | g%lgnlng a
coolng ubGi AEUpbF ous Wﬁ@erﬂqﬂiEHstﬁﬂhﬂM1a$s¢mm1y11454 further

inclal®80at R@ced? 456 that -is retaihéd' Oh” Tthe "outer surface of
---------------------- - 19 March 2007 inside

the tupeade%s2 ?%?l§aéé8mQQﬁrﬁ%%oapﬁPgﬂgﬁﬁl???ﬂﬁ$3(ﬁhe sleeve
456 anproubephefior en32 beaakieng tefdf icirancyl dieid 0464 behdiefhe tube
cand tlgﬂjrnterface

h i.e. larqger surface are
1-4 §8ta£} and nore t i nti fat &2 %FF) %poﬁﬁﬂ%“??ﬁﬁﬁ?s45§etween
compopmeruseSoaningpnehesagrbacags t4d2 am@emMﬂy A0y f acehd88ube 454

furthde hﬂ@fﬁdégrga%o% he%fqﬁnp?é de]'gl 2.3 fg%pqgédcejfv1neg an end

substantial ly Ing sur
seal off Uhet pref d%rrﬁ‘elzie% hénNoute? s'?‘lﬁlrfaéétﬂfghtna%ﬁékﬁe between the

prefeagnentedrbyladge 100 and the cooling tube assembly 450 for
enclosing the volume formed between the preform 32 and cooling
tube assembly 450, thereby enabling the development of the
required low vacuum forming pressure. The primary components
of the cooling tube assembly 450 are preferably made from a
highly thermally conductive material, such as aluminum. The
operation of the cooling tube assembly 454 installed on the
take-out plate 28 of the carrier plate assembly 11 will now be
described. The take-ocut plate 28 provides cooling fluid inlet
and outlet channels and first and second vacuum channels to
correspond with the ports on the central plug 464. In use, a
preform 32 1is drawn into the cooling tube assembly 450 by a
relatively high flow rate suction acting through the pressure
channel 494 that further retains the preform 32 once the
preform support ledge 100 is sealed against the end seal 404
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set of longitudinally directed pressure channels 466.

The pressure channels 466 provide a conduit for

establishing a 10 region of very | ow vacuum pressure

in proximty to the portion of the porous insert 452 . .1 2007

between the inside surface 482 and the outside

surface 483 and thereby to evacuate air through the
thergbroust e ifed urdel of fillse -por dus hirgder ¥ag480mf o St Hehen applied

throB4hPASE: Of 4 AraW-nlrddef oy pable pref e 3311 Zﬂcug 464, then
contact with the contoured 15 inside surface

thropgl pbrouimsdt RN er &6y VQEHUHPI?%‘?W?IQ qfr?émels 466,
wher@h@f:)ﬁr h32 va’t'imeurp@rdms tinserdh 4=t512e i IsOb@@é ewablyofmate porous

hi g rnall condugct rial uch

lnseﬁluﬁi%l ?ﬂ% 5@1al sé?%%tg% ?%P F (ﬁ%ﬁ%ﬁ?nggr?nd the
innefrur shefacehad@et epifzedhby Pheonequilnememt for2 aiporeds least
partIpitel W M Ahp 20 RLas t twhéor(@;smm;y oen dihe b2098:m outer

ut 3-20 mcrons, orous i nsert )
surfggg bénéavaﬁ@aéé@laslVlthanweactm}éawn Docess 4 hatOnce in

conthbel ydes, the o rf exddusiom, et phetben 32 lS cooled by
alternati ve enbodi nent . of Hﬂ i nvention i.s shown |

25
CODdPF@%OTZ Pher &ffta BBBHAg sentit 3 56 T8 {he “Preform
outeY&@uuﬁBﬁ@ran@héagﬁﬁﬁaHrﬂﬁﬁbrﬁ ﬁ@byldedthéhEUDGOMBMQ and to

the HEPG seanyC%%gA InCIu %x@ Eﬁ§§§ﬁ5ﬁu%ﬂ?th%%yiﬁgen removed.

ned m-avai Ie tu however
fromemkrmdlezdefgbre §@cttcasenab@e35218(tasltewedrél ifétedin nits shape,

the FhEn)viBYufl sQ-1b& dsed - The tube 454 nf! U@'}@a?m%&lén 466 is

insert bore 455 for Tecelving a porous insert
releggefpl fided 4 n IIG LI T povbtis FhsefPPA52d; st‘hrough the

preskatal Rethridel thest ube ARA 1ty ancenkr ajluebds the preform
32 central plug 464 received in a first and second pl ug
* bore 457, 458 of the tube 454. The central plug 464
is further retained in the tube 454 35 by its shoul der

Thus Lh%%a a%g b%%?{er%%gs#ﬂj%%& eﬁ%ggﬁV@QPJ&EQSﬂ(sl;EgﬁlnﬁnQube for a

$eco shou
plastent rzaaartpl Wy PO40Cer r é8pontls for a wiepwiiffht ha cooling tube

asseﬁb@?EtQBIOfv%@%uﬁenkb§hln6|U%r@@%fﬂsth %a%@kﬁﬂﬂ“ﬁédvantageous
ion at its upper end that provid

emboflSnents. Bt | c3ot RRGc i Bs0 S ANt ar MERGAAEl Wpsmaking the

aforBemenen chiael, cenia al nugA6dr anditfea seecdndgphuppebarsembly,
whlcﬁs%ujjﬁoérth§l§uggdééé ﬁEPe annU|ar %H&pneluégg in injection

molding and/or improve the quallty of the molded preform 32.

All U.S. and foreign patent documents, and articles, discussed
above are hereby incorporated by reference into the Detailed

Description of the Preferred Embodiment.

The individual components shown in outline or designated by
blocks in the attached Drawings are all well-known in the
injection molding arts, and their specific construction and
operation are not critical to the operation or best mode for

carrying out the invention.

While the present invention has been described with respect to

what is presently considered to be the preferred embodiments,
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connects the pressure channels 466 of porous insert

452 with a channel 420 that is forned in the centra

plug 464 that is in 5 turn connected in use to a first

vacuum channel in take-out plate 28. The central 1pl%gcr 2007

464 includes a contoured inside surface 403 that

ubst t|aII arrespand Lo t he portio of .

it 1§ Q?O%%] F% %Oﬁg' éﬁugéf1ﬁﬂv?i§%ﬁ%gl%n%OEO$FPﬁ56d to the
dlSCiheedre@m@@dlrhgt@entr%@rplagamﬁlefurwneﬂjﬂncrudes preferred
embod Ph&ht andean: 10 ogiggéng00&39&n998ﬂneblé8855§32 cAR Bresent

pressure channel or connection to cool ant
invenhiopyfPetththnef s &1 FrONEs l%ﬁ%rﬁrsééoﬁﬂjﬁhé@%uﬁépr601ated

that chanmnelngBrthez4iake; out, pkate, 28 r egpagtivel iy @ethermally
et and outl et channels 490, 492 of the central

Cond%?tbvﬁ6i”%iep?ﬁ?FﬁeFxﬁﬁﬁﬁﬁ%t@BP%beﬁ d6bl Anggt'dovRs! 44gusing,
althdsghormed of thae cun&HrButkae€1@% tégséubﬁf45énhhekﬂﬁMe and
asse;ﬁ}gaﬂ B?t a%%ﬁl 'cllg& Cuf tthe 82% glplﬁgt ec no&%ﬁgﬁzﬁ% grhot as

. rclrudes’ a sl eéve
WllltH§fouﬂékﬂ§ﬂKﬁébe dfimittied t tbe 4b52e SeaISNﬁBQHare dloso e.qg.

pref@f@é{] ded,het ween tH@f%‘?ln;eLﬁée cf’?@ef‘fg tr%j%fén%g‘]a anﬂblllty to

bet ween the central and the t
esta%%b%?dé X@Fquduﬁn%ﬂcqwﬁﬂﬂecéﬁ%%%@roﬁé Bét vistier surface of

the C@@D@@@nt§rﬁﬂénéngwihﬁ copéi ngnhabe 3sseably 480. tHbBe porous

454. further ipncludes a roov its open and
prOf%gr r e CEPFITHG tAn en@u u%%fmﬁﬁ éﬁuafbV|E%§ i FARslel gy tube
asscmblyi gift skeal rhetasedn nheenpneﬁomassubp@ht Hedgeiddd in the
cont tJ? goﬁ%élggté'b%naj %ecrf%ry rAhg(?Ldgglr anraace}q%l 0S| nl ngill be

ume for ween t e preform cool'
appr%%ls%%@yth% lfthérseb%ﬁllﬁjabﬁl’lﬁgplh@ahéveltgpm tcﬁcmrhelogy in
which equféﬁﬂodz% vagaim f o8/ 00; PF essé’cfw@llﬂ_@e c9f' n@irlé(t part is
onents of the, cooling t ube asse re

unde%ﬁ St ably Aade°Ptdifa t?ﬁ?ﬂﬂ?}‘tﬁ@?n&i%? coﬁﬂu%t|Wé1 a part
transbder inabhastiieh as:talasr nam 15@%03Qo@paﬁcaldﬂﬁg OfhatR€ne and a

ng. t asse 454 |nst t ake- oyt

blow Cri%ljtélrg% ﬁ{%g{]ﬁi chlrr%éer SH a?e 2%% € %QOWIP‘F FoRiBe is to
be a@@@C@é@edheTheqaﬂa§Unnnuﬂnﬂxﬁﬂ&t1mmvsdessc¢m|anpompass all
such fidﬁﬁiéﬁﬂon@%@% SivLehapne 1?(';:@11]; ésén nd se \?%&QS

vacuum channel s to orrespon t e por s on

central plug 464. In use, a 35 preform32 is drawn

into the cooling tube assenbly 450 by a relatively

high flow rate suction acting through the pressure

channel 494 that further retains the preform 32 once

t he
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preform support | edge 100 is seal ed agai nst the end
seal 404 27 19 March 2007 thereby stopping air flow.
A high vacuumis then applied through the vacuum
channel 420 in the central plug 464, then throughqtfg n 2007
annul ar channel 465 and pressure channel s 466,
wher eupon the vacuum acts_through the porous wall of
the porous 5 insert 452. Fhe'™™fol une of air between the
preform 32 and the’ inner surface 482 of the porous
insert 452 is at least partially evacuated to cause
hh %u%awsagmgﬁ yt e P 5?@%@19%1 eh aSWefage vidto neant acly
h the porouS insert 452. ce in contact with the
a@heésmam§@6b1é52molm@dpp&%@rcmc?»g)alri cFaled iby hB& been
conduction, its heat noving through a path fromthe
poetietinbyodt enlddnfjace ri:atilre , paheus ubrs erstsed®ldy t o
the tube 454, and to the circulating coolant. Once
enopghshegt has been renmoved fromthe preform32 to
ensure that it will retain its shape, the high vacuum
acting through the vacuum channels 466 is 15 rel eased

and azpQsidde ﬁéﬁﬁék‘r%alv%r@’pélﬁgoEHﬂ@Hgdehﬁie surface for
pressure channel 494 to assist in the gggctlon of

t he
BEEESVANI3AD m@1%awﬁ§§€ﬁe@ﬁr&é§&| d-he Qﬁlded plastic
pxtreydaddcool ing tube for a 20 plastic part, a porous
insert for use with a cooling tube assenbly for
vacuum form ng preforns, various advantageous
enbodhnevﬂsumm.(amﬁdqnyrEubeoa§$enbbde§¥>nepbpesamte with the

t 0 (VLY
1 el 058, oo S0E e, R0, DAL Ah A5 A fecn  he
é§§ﬂd@f ssydlraaubes FRUER] ébﬁl o tzs dpl @ ehdpertion of the

hapPneus1thersLddd t yi1ofsttike prlded Mﬁ@@§2w1%|lnu Se tube
and foreign patent docunents,.and articles, discussed

465G8 &Y e hEPeb?OPEESFpo?%?edF%@lQ%fe? CEntY t Hel® POLOUs
Ekmbbke®0[3§0t®phlmﬁwobtéubé%&ﬁﬁmibdeMXmMHeﬁtth%Ooutside
The |nd|V|du | co nepts sh out.| i JNe or
agslgnate%oﬁé °Bl oc S%Bn tﬁefgg ache E?idmﬁn gnar%po}}ng’ to
wekhiknawpriaf itive sulnjteotionl ol dpngeapesdiandtehéhe profile
seeehbi ¢ nconst Luctkien .and4 operation are not critical
b

to the operation or bést mode for
the inside surface 1s profiled +to substantially
correspond with the outside surface portion of the molded

plastic part to be cooled;

wherein a substantial disfiguring of the shape of the
outside surface portion of the at least one plastic part is

prevented.
The tube assembly according to claim 1, further comprising
a cooling structure configured for connecting the porous

member into a heat dissipation path.

The tube assembly according to claim 2, wherein the wvacuum

structure comprises a tube body for receiving the porous

30




10

15

20

25

30

35

35 carrying out the invention. Wile the present

i nvention has been described with respect to what is
presently considered to be the preferred enbodi nents,

28 19 March 2007 it is to be understood that theis mMarch 2007
invention is not limted to the disclosed

enbodi ments., For anpl e, whilst the preferred .
%ﬁ%%%fhen?n%f ?%ee%?ggénfnrﬁvé’(?%WIdF§€G§§QS fRafigured to

present thavenrpoa’ iarbernsoof saponmuscixasert, it

will be appreciated 5 that the insert could, in fact,

be realized by a thermally conductive but porous

that FHgeappErEd Lo agcprefiintded chotlsi iny, 3/ afthoefh bke cooling
§fr@6ttﬁ§eﬁbﬂ@¥¥§é§Sa@a§%a@E'EH@fQQEQEﬁgaW%annel provided
asse I¥. The %gpllcatlon of the cooling technology iIs

Aot thast U if 1 PoBE- understood, limited to size or weight

(of, e.g. 10 preforms), with the defining criteria

in e ili t.abl i.sh vacuumt o encour a
?@%tggkgoﬁggﬁmgé¥e%%§8§ é% 5 4 %%%m)ﬂe%uﬁf??%léngfudlng a
e hinde sitpwert uggr faeef ofutde por ousopgrafd | gdth the molded

§PQ§EI@t§arEUEEh%%@Q%%'ﬂMﬂéé%éﬂyiéH¥Hi;Ehéupgduc%%dpressure

assenblg of the present invention has been descri
PRI RRRNASI RNt B ADf SUr hRast PE Fhf eRPFONS NBEEPAY -
machine, it will be appreciated that it is equally

licable to any technology. in _which, follow ng part .
P kRSt S Y A SrO PRk pa 1o 810 Gfter ¢ BKORE boRDF b sing:
cooling tube or the like, e.g. in a part transfer

nmechani n iy | .on nol di ng nmachi ne and a
20 bﬁ%mfﬁ% |%§ ha%ﬂ?ﬁ@%gﬁéégscope of the follow ng
clains is to be accorded the broadest interpretation

so asti® pReeNBasndr sych npdifigatgns,an
equi alen? structuresland functi ons. 28819u%h§gﬁxﬁﬂb7located

Braiths 109Ret hiselvasselBl P FG U Dpéhaeithg Wichding an inside
set Bd o edryd hot | oaneli ghencersed | eabde, nol ded plastic

part after it has been 5 nolded by a nol ding

structure, the tube assenbly conprising: a porous
menberhdhaviogum profictedei nsi d¢ Serfsdcerfeorvacuum channel in

fluid communication with the porous insert, the vacuum
channel configured for connection with a wvacuum source to

provide the reduced pressure adjacent the inside surface.
The tube assembly according to claim 6, further comprising:

a cooling structure configured for connecting the

porous insert into a heat dissipation path.

The tube assembly according to claim 7, wherein the inside
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 according to claim 8, further including a
channel at the base therecof the channel is connected to a
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10.

11.

12.

13.

14.

15.

le.

17.

18.

recei ving an outside surface portion of the nol ded

plastic 10 part; and a vacuum structure configured to
cooperate with the porous nenber to provide a reduced
pressure adjacent the inside surface to cause thegq yaren 2007
out si de surface portion of the 15 mall eabl e nol ded

plastic part, |ocatable wthin the tube assenbly, to _
TaRUHEL CrhEYMsiade WUrT dece @FaY hehpomsldednmpABer isoragt into
tacakliew assubstagntial portion of the outside surface
portion of the malleable part, upon cooling, to

attain a profile substantially corresponding to the

phef ithide 2 sefntihe dasimkei rsurf@acel afamd9t héurndede including a
surfa .S profile 0 st i all r.r.espnond. wi

Pﬁggou lSJ,Cit edosbﬁ%cgh%ortt%}%gen %‘55%’ hgormlp%goé;mgﬁ%it?cﬁgsed end
par theotbeecbokygd; 25 wherein a substantia

di sfiguring of the shape of the outside surface

ortion of the at |east one plastic part is .

Pevémisd 2P L rhaceabdlags éRbIGt ddt of di WS B &y Porous
1nsbutt iy £ONRELRADYY 2o8@RIGtAFeStFAIdul ec69pihguegdlied to
for.con ecting t he @orﬁust gpnggr into a heat
dlsdPpatFoipath® 8T TRE {UbE &§S&mbly according to
claim 2, wherein the vacuum 35 structure conprises a

e i yj par.o : 9 . 20
Eg%b§$ﬁgﬁﬁ%g%% iéﬁs¥5§%55€§ ugﬁlc gﬁﬁg{%boﬁﬁégg%édqgg porous.
coRrett hekepporsis ynérbéhet ¢agodgacdumbsolr ce 204 miTyens .
tube assenbly according to claim3, wherein the
coolin%) 5 structure conprises at | east _one cooljng )
ChEnAeiPSHr dVFERRL Y oRCCRE diage odGLasm The Whpkein “the inner
pozenkl ynaeedr dsngatie elfampb.rdiugr themirnel .udi ng a
sealing structure configured to cooperate with the
nmol ded 10 plastic part to assist in establishing the
Feductetbeproessurd v adj@cehing hieo | nsate Sur aeeecoh tthe cooling
BREANS LIBMDEG. By ofhECLUDSy a52EMD] o SCCUH NGdA Gl Bhannel

, turther co I SI ng:
provided in the tube body that is configured to carry a

cooling fluid.

The tube assembly according to c¢laim 7, wherein the cocling
structure is provided by thermally coupling the tube body

to a heat sink.

The tube assembly according te claim 7, further including a

spacer for locating the porous insert in the tube body.
The tube assembly according toc c¢laim 7, wherein the at
least one wvacuum channel 1is provided in the tube body

adjacent the porous insert outer surface.

The tube assembly according to claim 7, wherein the pcrous

insert includes the at least one vacuum channel.
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19.

20.

21.

22.

23.

24.

2h.

26.

15 a tube body; and wherein the porous nenber is a

tubul ar porous insert located in the tube body, the

porous insert including an inside surface and an

out si de surface; and 20 the vacuum structure is atjg mMarch 2007
| east one vacuum channel in fluid comunication with

LR R R, e o oGty THBE%eLR e o
iedatednpfegsumemad¢m&@m¢1thﬂxﬂnﬁrdeldeﬁfaﬁe a2 Turality of
Ihgnhube agseqhl ééx%%‘f%g' g, 9 cl aiem 6, furg Tn%ert

conprising: a cooling structure configureéed
connecting the porous insert into a heat dissipation

@ﬁbhtuﬁQa8as§@@b%yb%c@%§gqﬁbytﬁ?ceighﬂg'ﬂo EhAR A, including
wher ei t he i nsi sur face of he porOUS i nsert

hcl Skl 8SedendPRHat ene hapesl fePeoraEsEHg tBhe end

aedbdmad sparttsi oih o st hiel pohded tﬂb&%édhdﬁﬁtprgés@reTaﬁjacent

nbl di f h | udi
AR s B LC R opBoP P akihner 15

connected to a 31 19 March 2007 vacuum or suction

WﬂétthBedﬁég%EQng@dygidy :ﬂﬁ:&ﬁglm'ﬁto %Pﬁe%ugﬁcéudlng a
assenbl y e tube asse y accordi ng
FatLAEr ONndIldiTy Bhe 5tpPagbPRvt @ TRt ithethaibeobody insert

fotnphovhdi pgpa sbased end of the tube body. 11. The

tube assenbly according to claim7, wherein the porous
insert is a thermally conductive porous coating

Appl tedet asskBbay b@ﬁdﬁﬁﬂﬂ@fﬁﬂﬂikﬁlﬂfﬁﬂluwﬁeb@ﬂy tﬂé collar

g@@eﬁggejﬁﬁéﬁgﬁﬁy 9gc%£9ﬁﬁ fto Cl%h, ingf rgﬁgﬁ agezdﬁf the

porous  inse as por03|ty Mn ?he range o
pPepensingsri3d. The tube assenbly according to claim
7, wherein the inner porous insert is nmade of a

por ous al um num _
he tube assembly according to claim 21, wherein the ccllar

further includes a lip seal.
The tube assembly according to claim 1, further comprising:
a tube; and wherein

the porous member 1is a porous substrate configured
within the tube.

The tube assembly according to claim 24, wherein:

the porous substrate is a porous coating applied to a

prefiled inside surface of the tube.

A porous cooling cavity that is configured to cooperate
with a vacuum structure for receiving and cooling a
relatively hot, and hence malleable, molded plastic article

after it has been molded by a molding structure, the porous
33 '
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27.

28.

29.

14. The tube assenbly according to claim?7, wherein

the cooling structure is provided by at | east one

cool i ng channel 20 provided in the tube body that is
configured to carry a cooling fluid. 15. The tubqg march 2007
assenmbly according to claim7, wherein the cooling

structure is provided by thermally coupling the tube
BeaYyingsceBiayhealPEiiARNI16. The tube assenbly

according to claini7, further including a spacer for

| ocating the porous insert in the tube body. 30 17

The tube assenbl rdin o claim.7, wher e %%
| east ® oﬁ@regguﬂﬁﬁgﬁgnggFmeg %F8W|8e80rﬁufhma ﬁgé Sdy °
ggkéﬁgn%eagsrpgaewadaﬂger5%]ghe%ﬁgﬁaga%% F18e Thet gg

'y "accor ereint e por ous

kh %ﬁeHnEbugﬁﬁsEEﬁt§Blh§a§Efqg%tV%C%%Eb%h%&n%lpo%%l%% of

e tube assenbly according to claim

48, owhergknstihesat beasheOne1vRGUUNM'sER@NBRH idNe, and (ii)
provided as a plurality of channels in the exterior

surhagemotopplodg ksAs@cturd;20. The tube assenbly

according to claim?7, further including an end sea

at the open end of the tube assenbly the end sea

assists in establishing the reduced pressure adjacent

t he i nBedeisuchaceactiumheopoidng ishgeucttureQ ofl thEhgorous
tube assenbly according to claim7, further including
membek| 4 6ANOPUSEdt he FaBReBaEs té thetdien vElsEIUBpEdEECtuTe
insert wthin the tube body. 22. The tube assenbly
EECBFBVﬁaetB EPQPﬁﬁﬁlprﬁﬁéPé?na@ﬂé¢€8ﬁl5Pe f@ségﬁbﬁﬁgface

t f th f f
D ST Bl B8RSR S B cueese
I 21 h 'l furgh des
SuBFSB00s5, Rknhs {808, By bR kG S L e Roneact

£Hgthﬁglagneﬁk%geg orathubey and waerein 25 the panqus the

IS a porous substrate configure
cutside surface portion of the malleable part, upon

cocling, to maintain a profile substantially corresponding
to the profile of the inside surface and thereby a
disfiguring of the shape of the outside surface portion of

the molded articie is substantially prevented.

The porous cooling cavity according to claim 26, wherein
the wvacuum coupling structure comprises an outside surface

of the porous member.

The porous cooling cavity according to claim 26, wherein
the vacuum coupling structure comprises at least one

channel formed in an outside surface of the porous member.

The porous cooling cavity according to claim 26, wherein
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30.

31.

32.

33.

34.

within the tube. 25. The tube assenbly according to
claim 24, wherein: 30 the porous substrate is a porous
coating applied to a profiled inside surface of the
tube. 26. A porous cooling cavity that is configuneddarch 2007
to cooperate w th a vacuum structure for receiving
and coqli 51 ively hot., and hence nmal |l eahl e,
mol de 88|§§F?8§a??$%%% 5 Fertiipu Sg BEeR ROTG8d By S8 "
WRkAi 89 SLLUEL UM BorthenPBkoUs oB3c10 MUER2A0L cor
cooling cavity conprising: a porous nenber formed from
aoRPEQUSnABLEehbaht 1 hhe suPeheds cBRrEH rbACkBdi-RgnGik @ th an
inside surface that is 5 profiled to substantially
tetiaet sarghapeosf aacpenthentabe,.an outside surface of
the nolded plastic article, and (ii) a vacuum
coupling structure; wherein the vacuum coupling
structure of the porous 10 nmenber is configured to
€boperaveswecbhliheg vavduom strcuctiing ttocpravi dé, awherein
reduced pressure adjacent the inside surface of the
bBeonsTABRbBEMPEI cAgseonheupsrti ba ebobheatet vitde a plug

urface of the malleable nolded plastic article to
gaﬁtaﬁPVlQHEGiﬁsFé@S@GrﬁaGeteftbﬁepﬁﬁﬁé&§ RénbBE §@sage
to ||0m1%he 15 outside surface portion of the
ﬁﬁF?@gﬁlg paPE, POpBHScOBFFRG; to maintain a profile
substantially corresponding to the profile of the

i nside surface and thereby a disfiguring of the shape

t Sj f . port]j . the d,arti.c

Phe sPtne rapt e E0ELPLaP 8- 8o ThE BBl Bbor PG rer
§8MbEYs 86605 NGt Ghal I 2BumBRERKE EBSf¥§EHBH1Fo be
coupling Structure conprises an outside surface o
tbeppeaots traber. 188s28ondhenRAKOUSFERREENGNCAMI bYitside
according to claim26, wherein the vacuum coupling
strfistar ef conprpsesuatnb@bst. one channel formed in an
out si de surface of the porous nenber. 29. The porous
cooling cavity according to claim26, wherein

The porous ccooling cavity according to claim 26, wherein
the inside surface of the porous member includes a closed
end that is shaped to correspond to a domed end portion of

the molded plastic article.

The porous cooling cavity according to claim 32, wherein
the porous member further includes a channel extending
therethrough at a base of the closed end thereof, the
channel being configured to be connected to a low pressure,
source to draw the molded plastic article into the tube

assembly.

The porous cooling cavity according to claim 26, wherein

the porous member has porosity in the range of about 3-20
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37.

38.

34 19 March 2007 the porous nenber is configured as a
porous insert with at |east a portion of an outer

surface thereof conprising a nounting surface

configured to connect with an inside surface of ag march 2007
cooling tube. 5 30. The porous cooling cavity

according to claim26, wherein the porous nenber is
BéhRfPYtEred to cooperate with a plug for providing a

closed end to the proflle of the inside surface of

t he porous |nsert 10 31 The porous cooling cavity

gﬁcordln to C Egg rIS%ﬁ% gF %ea%%ereln

8 ggcuum C nne con gure to’t hé at

'tﬁesgo%ﬁs%@ﬂe% %g&g@gsbe gn g%%ﬂ d%luﬁl%ﬁﬁlce of the

porous nenb e poro cooling cavity
according to claim26, wherein the inside surface of
t he porous nenber includes a closed end that is

shapgdrbascepbespgneatoty deweddeng por tkl@nnofe,t Firther
nol ded plastic article. 20 33. The porous coollng

cavityiagcar dobgihg ekaum32e wherdignredhe qrorousiection
menber further includes a channel extending
whéehethheaghdatsapbasenopathe dclhasedodnadat hdrce ool detre
channel being configured to be connected to a | ow
plessirear2icdeuivecrotacawiiiie tbleddd spidgstsivefaad sife the
into the tube assenbly. 34. The porous cooling cavity
Q@é@ﬂélﬁ@mpérelaln126 wherein the porous nenber has
porosity in the range of about 3-20 35 19 March 2007

m crons. 35. The porous cool i ng cavity according to

S Mo opannebdify LAS1ROT QURATRIRY (GOMLISES6? wherein
the porous membker is configured as a tubular porous member

that is removably installable within a post mold device.

An end-of-arm tool configured to be carried by a robotic
arm in an injection molding machine, the end-cf-arm tool

comprising:

a carrier configured to be coupled to the robotic arm,
the carrier carrying at least one molded article cooling

device;

at least one porous member installed in the at least
one molded article cooling device, the at least one porous
member having a porous inside surface that is profiled to
substantially reflect a shape of a portion of an outside
surface of a relatively hot, and hence mallieable, molded

article and that supports the evacuation of air
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39.

40.

41.

5 36. The porous cooling cavity according to claim 26,
further including a cooling structure configured for
connection wth a heat dissipation path, for cooling

the nolded plastic article in contact with the insi@ecn 2007
surface of the 10 porous nenber. 37. The porous

L d
e
| t.hi
L0g! L ove gl omtal helle LD BroSt Rl o

ﬁggghgdlgglgergggkbge aLpgpin an |nject|on nDIdlng
mmachi ne, the end-of “armtool conprising: 20 a carrier

configured to be coupled to the robotic arm the
carrier carrying at |east one nolded article cooling

devi cenh atateastonnetpaceusenesber guRstiakbedvhbukie @he air
| east 25 one nol ded article cooling device, the at

tbastgbnehposbusecanenber havbng acepbeays i nside
surface that is profiled to substantially reflect a
shape of a portion of an outside surface of a

relat%H§£¥1H05 éﬂﬂ%égﬂ¥¥éfmﬁi§fp%§rlﬁg ggdtﬁywéﬁgﬁé of the

and that supports the evacuation

outside_surfage RREEROPOOE e athrlafit toncanbesthe part is
peéieabte. nol ded article within the at |east one

porous nenber to expand to contact the porous inside
surface; and 5 an evacuation structure configured to

h h h.th | t
ﬁ%%g%?@gm%eggﬁh{%oéurg“an?E%S g%s??%%?igg?oﬁg%géighape

of the outside surface portion of the at |east one

plaStégc@ar$f'Sthéo Qfemﬁgégg §§e HS%SQﬁ %ggghgoocoollng

according to claim3 erein: each o
SPBLFDF ded %r¥mQ$ea%%%mbh@ arranged on the carrier plate;

each of the tube assembly comprising:

the at least one porous member as a porous
tube having the inside surface and an outside

surface; and

a vacuum structure configured to cooperate
with the porous tube to provide for the

evacuaticn of air through the inside surface.

The end of arm tool according to claim 39, wherein the tube
assembly further comprises a cooling structure configured

for connection into a heat dissipation path.

The end of arm tool according to claim 40, wherein the
vacuum structure comprises a tube body for receiving the
porous tube, and at least one vacuum channel conflgured for

connectlon to a vacuum source.
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42,

43.

44 .

45.

46.

47.

48.

49.

15 devices is a tube assenbly arranged on the carrier

pl ate; each of the tube assenbly conprising: the at

| east one porous nenber as a porous 20 tube having

the inside surface and an outside surface; and a4 yarcn 2007
vacuum structure configured to cooperate wth the

porous tube to provide for the 25 evacuation of air
Theoughd t v | psde &Y f @664 NITheC erftl i aPivt ovperein  the

@1@191%@5'erftQu%Lea'aE%%mb}M@ée'c%ﬂﬂé%pw% AsEEMne number of
further coqyrlses a cooling structure conflgure for

TORAEE | I ETELS a RE&L Sdi SSTPALFIN pdtth. BBTR1. SRgesponding

end ceft iahnctedk accahdi mgldane! aiyiat4ts. mhereln t he

vacuum structure conprises a tube body for receiving

the porous tube, and at |east one vacuum channe
&@ﬁfi@@dedﬁfoarmcdnnébtﬁ@nomdi@gvatuunﬂsdmncé9 35wBFrein the

k%m%%rcho@%be‘l%s% f—{%se o R B QQlqsACE Eﬁ“ g L@itiple of

['ai m 39, wherein r of e asse [l es

EbEr eSWHREE with tm@ldﬁﬂmeﬁalwtl%l HeHtpl aprPeupgft s in each

RLREUEednHA NgaG A-jeeith8sPeRdilRg o fl MWeC i iYL |sey tfert he
nol di ng system g 43. The end of armtool according to

claim 39, wherein the nunber of tube assenblies
Ther espdnds watkl acond t apleerafingt heo nuieim of3 9nol Wiedrein the

I c pr c h sp |ng _
PoShi JASLErD R ST 0 SRR PRRRRO qe appe 520
ofi capmst. ool accordlng to cIa|n139 wher ei n the porous
insert has porosity in the range of about 3-20

mcrons. 15 45. The end of armtool accordln% to claim
Zhe ypfeiof tRED ithRY pOFOTEingseF? iSlatdle2df awherein the

ROMeYS pakuilsndMse46. ikhaadclrd odf sapdrieel saceantinng to

claim 40, wherein the

The end of arm tool according to claim 40, wherein the
cooling structure 1is provided by at least o©one c¢ooling
channel provided in tThe tube bkody that is configured to
connect with cooling fluid channels provided in the carrier

plate.

The end cof arm tocl according to <¢laim 40, wherein the
cooling structure is pfovided by thermally coupling the at
least one tube assembly to a heat sink provided by the

cooled carrier plate.

The end of arm tecol according te claim 41, wherein the at
least one wvacuum channel 1is configured to connect with

vacuum channels provided in the carrier plate.

The end of arm tool according to <¢laim 39, wherein the tube
assembly further includes a sealing structure configured to
cooperate with the molded plastic part teo assist in
establishing the reduced pressure adjacent the inside

surface of the porous tube.
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51.

cooling structure is provided by at | east one cooling
20 channel provided in the tube body that is
configured to connect with cooling fluid channels
provided in the carrier plate. 47. The end of arme mMarch 2007
tool according to claim40, wherein the 25 cooling

ruct ure.i.s provide y thernmal ly coupling the at
%éa%ﬁj%ﬁgl?ﬂbgogésgﬁng’tSogpﬁéﬁfxgrnk provi ded by the
cooled carrier plate. 48. The end of armtoo
according to claim4l, wherein the at 30 |east one
vacuugyc LSy C [ to,cpaAnge |
e e SR
anfeto0bn aa6PAOheInEenEhat M 39, wherein the tube ‘-
assenbly further includes a sealing structure
configured to 35 cooperate with the nolded plastic
part to assist in establishing the reduced pressure
adj acentatheernsodéigsueflace bé theppedous thbeard8mifber,
March 2007 50. An injection nold robot, conprising:
Bhe agar reRberatoni hguredleasbeodesposdddadiateht anoling
injection nolding machine; 5 a carrier configured to
$avietipl ed to the arm nenber, the carrier carrying at
| east one nolded article cooling device; 10 at | east
one porous nenber configured to be renovably
installed in the at |east ongﬁnnlde .article cooling

devi ¢~ tHE°atCTRa20 0N POFIEE HRNbLPURAYi hg 4 psFBagably
| NS h ' filed b i all .
I A RS Ll Dote el Gedorpt PALE Shp nor

scmbicaio go roksied,ac ok o, anichiat supRgs 3, Ll

evacuation of air there O cause

wioed antigte wihing §P§f§1eﬁe§§ts&ﬂ§t§9£$3§l§eg%§[ect a

to expand to contact the porous inside surface;
2 e €F ag Usd HOTb 15t S BICinIr €ueoNhid s £H-tO SYagual €1LhB1e

air :
moided article and that supports the evacuation of air
therethrough to cause the malleable molded article within

the at least one porous member to expand to contact the

porous inside surface; and:

an evacuation structure configured to evacuate the air

through the at least one porous member.

An injection molding machine, comprising:

a molding structure that molds at least one relatively
hot, and hence malleable, plastic part; and

at least one porous cooling cavity having a profiled
inside surface that is configured to hold and cool the at
least one plastic part after it has been molded by the

molding structure; and
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52.

53.

54,

Hh.

56.

through the at | east one porous nenber. 51. An

i njection nolding machi ne, conprising: 25 a nol di ng
structure that nolds at |east one relatively hot, and

hence nal | eabl e, plastic part; and at | east one paROWSch 2007
cooling cavity having a profiled inside surface that

IS configured to hold and cool the at 30, 1east one

pl ast PE p&PSTaflsr TACHES Heal bl BedP Byt hel Y nbraitagured to
SthUEHUr 8, 1aRe 3% rar—ambient -prediMareh 2RO7inatide surface

| east one vacuum channel respectively configured.to
SPoViHE S POMCTILTHL: anBrEAES et t 81t hE'f n&itgeleast ome
plpkade photcdusecamtaut stde sosfidee porfdam @f the at least
%sgfﬁogggs 859%&&0 RAKt to contact t he inside surface

e at | éast “5 one porous cavity; and the inside
surface is profiled to substantially correspond wth

the outsi dg rsrdacespersdon ok thedtilepsttoON@ubstantially
plastic part to be cooled; 10 mhgrein a substagtigl 1
GPSFEGRPIAG W It A& S IRTE 161 tHeF Pt sP et s f tetie at least
poket pboasofict barat theast coptepl;astic part is

prevented. 15 52. The injection-nolding nmachine

according to claimb51, wherein each the cooling

cavi t yheorpni sessubgporous2 I ndesfigdisposed ivha shigee of the
%9@>§id§3-su¥%%c'em eatiion ¥ diny fechine aggrer diAgitie part is
claim52, 20 wherein the cooling cavity further
PreVgdEsdeool ing structure configured for connection

into a heat dissipation path. 54. The injection

nmol di ng machi ne according to ¢claim51, 25 wherein the

4881 | g RSP FUTEHAH | BT RERSa S65IFAGho1 riget upkatn 51,
eorfedur et dio thepewatldny tdathey pkaspird spar ta tporous insert
ssi st _i.n.establ ishi t he | ower-than-anbi ent pressure
?&fgggﬁﬁ %ﬁeaiﬁékgebggy?ace of the porous cooling

cavity.

The injection molding machine according to claim 52,
wherein the «cooling cavity further includes cooling
structure configured for connection into a heat dissipation
path.

The injection molding machine according to claim 51,
wherein the cooling cavity further includes a sealing
structure configured to cooperate with the plastic part to
assist in establishing the lower-than-ambient pressﬁre

adjacent the inside surface of the porous cooling cavity.

The injection molding machine according to claim 51,
wherein the porous cooling cavity further includes a
sealing structure configured to cooperate with the molded
plastic part to assist in establishing the lower-than-
ambient pressure adjacent the inside surface of the porous

cooling cavity.

A method for cooling a relatively hot, and hence malleable,

molded plastic part including the steps of:
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57.

58.

59.

30 55. The injection nolding machi ne according to

claimb5l, wherein the porous cooling cavity further
includes a sealing structure configured to cooperate

with the nolded plastic part to assist in 19 March 2007
est abl i shing the | ower-than- anbient pressure adj acent

I nsi f f 35 | t
(%2? ;?%%?ﬁggﬂé AR 0 oﬁ%e%or |ve yCﬁ%%lngngg%I y% porous

or coollng arelfa
nalIeﬁﬁpéingnﬁﬁﬁeQthésﬁlaqmiuﬁaauﬂnuhm@pdmeseré@se that is
of : 49ré@1@@80h12093b3£éﬁt§§§§ywdgifégb%ﬁ§detﬂlQQ{lgut81de

part Into a porous cooling cavity t es an

i nsi d8YEERFacePPRat O s Or dihe edtisladibgtiaftiisgl | part to be
corresponddwi th an outside surface portion of the

nol ded plastic part to be s cooled; (ii) providing a
reduced pressure adjacent the profiled inside surface

{iof) t herpok dusg c ol imgituaadt)pmmjmg adieceuitsi dee profiled

surfaggs pRLtion af. thﬁf B&%ﬁ%lceggiing cé%fgﬁ causing

into contact t eremnt h&réby at
subst%h?rQutyl@@rﬁesééﬁér@@riﬁ@@eOﬁﬂﬁhqrm¢)ded plastic part

extragsi Repviteaint 6 OMIRe Jol ded ol ashi %Mf%h&?éegg%&am a
heat d|55|§atron path to solidify the ded pl as

15 paf?bf ?Eeae%Yeﬁ?r¥%%P°?ﬁén%h%B%P%f #R€ out si de
surface IS preserved and (iv) ejecting the nol ded

st |cIe erein.a su ti.al dISfI urin '
th%gg ap%l% ?ﬁa m%u?sréges 4%§§§1ﬁﬁﬂ%ﬁﬁ?(ﬁ gfough a
Ieasth@ﬁq‘e plastpetpant pasth preveslediihy. thhe nnﬁtdm:d plastic
accorgipg tq, clajd nrgggeggrt@§5t|n§ﬁgdl &ha 1;5 $LeP Lt side
of maintaining the reduced pressure thro i'nsi de
sur f aBer BICE hes poF ORI tedl imedcavity as the nDIded
plastic part cools. 58. The met hod according to claim

wh th t t th | ded
Uﬁﬁast?igéﬁ{h%lghs %gﬂge% éf%gég 6%§f??veepressure

t hrough the inside surface of the porous
wherein a substantial disfiguring of the shape of the
outside surface portion of the at least one plastic part is

prevented.

The method according to claim 56, further including the
step of maintaining the reduced pressure through the inside
surface of the porous cooling cavity as the molded plastic
part cools.

The method according to c¢laim 56, wherein the step of
ejecting the molded plastic article includes applying a
positive pressure through the inside surface of the porous

cooling cavity.

A molded plastic article with a shape of at least a portion
of its outside surface defined by an inside surface of a

porous cooling cavity that is profiled to substantially

_reflect a shape of a portion of an outside surface of a
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60.

cooling cavity. 59. A nolded plastic article with a
shape of at least a portion 35 of its outside surface
defined by an inside surface of a porous cooling
cavity that is profiled to substantially reflect 1@ yarch 2007
shape of a portion of an outside surface of a 41 19
March 2007 relatively hot, and hence nal | eabl e,
Felasd varyi &ré/ ténﬁeh6866|@éll€ﬁ€l@m|&@&dﬁﬁa§ﬁfécle to be
article formed prqocess cei t he
ALkl CDRondatp BIePEIs BRERE el REGTEAL CRot Y brotess
c%qling cavity; (||) evacuating the air surroundlng

¢ nolded plastic article through a plurality of
interstitial spaces 10 that are configured along the
i nside surface of the porous cooling cavity causing

the pqryi opkth80uhsl %ﬁ%ﬁg%emoqfdeah%l@@t%d article
plastic article to"nove into contact wt

Rhebl ked ihside subhaee apdikRereby to attaln a shape
substantially corresponding to the profiled inside

surface; 15 and (iii) extracting heat fromthe nol ded
plastic article through a heat dissipation path to

sol i di(fiy. )t hevamludéed ngpltast iad rastircloansiihi dchentioy dsgich
that the outer shape of 20 the nolded plastic article

ipd apteseevédclehéheionghhe pdutriadntef afhéndetrsitdéial spaces
surface of the cooled nolded plastic article takes on
&halr face conilgh rechatl cper tdspdngs dsubsrafccalaly the porous
the interstitial spaces 25 of the porous cool i ng

CRPILENY 66V 1iTHe cREISdET 6P§SPP6téPP|@IetQECGW@@ﬁ&QJ§urface

clal erein the p oolin |ty [ rITe!
Pl el P pes e R 88 pfna o bomzact W the

surf e havin |nter titial ace r.ch 20

SPerdisg Tl AugeRkel HAn TATER R AR e

%#gﬁggﬁtq%hQ§dc%&%%%b%nﬁrklCE% %%%o%¢d§1ﬂ€ﬁ Qﬁyf@éﬂ§urface;

and

(iii) extracting heat from the molded plastic article
through a heat dissipation path to solidify the melded
plastic article sufficiently such that the outer shape of

the molded plastic article is preserved;

wherein the portion of the outside surface of the
cooled molded plastic article takes on a surface finish
that corresponds substantially to the interstitial spaces

of the porous cooling cavity.

The molded plastic article according to claim 59, wherein
the porous cooling cavity is formed of a porous substrate

with the profiled inside surface having interstitial spaces
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62.

63.

nol ded plastic article is a preform 5 62. The nol ded
plastic article according to claimb59, wherein the

nol ded article conprises a preform 63. A cooling tube

for cooling a portion of an injection nolded 10 15 March 2007
article received therein, cooling tube conprising: an

extruded.tube, body having an inside_surface and an
BGESF gg%MrPéEg}naﬁdrgnggnglFE?ugf3c 8I? gMeRrARREl s
di sposed therebetween that arranged in a |ongitudina
15 direction of the tube body; a connecting channe

eanf hauned ?@5%@8 59@31{5?8' Lp orahﬁgnﬁbscﬁgtﬁm 9, pherein

I nt erconnec ing the coo I Nng channe Into a

ABed6A0bl AgtEhr gt 12013 seplkegQnfigured at each end

of tube body for closing the cooling channels; an

inlet and an outlet configured in the tube body for

the 25 at |east one cooling channel; a plug disposed

Theamdidedl peadt b theitbbeabodydihbetbnsldémsepf agBerein

of the tube body and an inside surface 30 configured

bhethelgkdgabei age machpnede s oappovfdema profil ed

cavity that substantially conforns with a profile of

an outer surface of the portion of the nol ded

article. 43 19 March 2007 64. The cooling tube in

BcEBPdaige HiPEN feraicMedd Rowfe Rt ite Pf Lral iRyestion molded

00l tDg ebanpnets baweean) engbhimbi ehnkScahprheast . four

times a mnor dianeter thereof. 5 65. The cooling tube

in accordance with Caim64, wherein the tube has a

grossxiseocid¢dn tadrpr bedyg hapliocal aty ofsitde swodddy and an
S e f her_nor. f.i.gqured- as cuat e

O onbarod Db Eer o HBE RO BB LB Mool dangaanners

M EROTEA| niBsrehpbrern t Reatcumuirarioss! anigul ar ekbegitudinal

af raktighopgated shotsphgygreater than 180 degrees.

a connecting channel configured between the cooling
channels for interconnecting the c<¢ooling channels into at

least one coecling circuit;

a seal configured at each end of tube body for closing the

cooling channels;

an inlet and an outlet configured in the tube body for the

at least one cooling channel;
a plug disposed in a distal end of the tube body;
the inside surface of the tube body and an inside surface

configured on the plug being machined to provide a profiled

cavity that substantially conforms with a profile of an

- outer surface of the portion of the molded article.
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64.

65.

66.

67.

68.

69.

70.

71.

67. The cooling tube in accordance with C ai m 64,

wherein the 15 plug includes a cooling channel inlet,

a cooling channel outlet, for connecting a source and

drain of coolant wth the cooling circuit inlet arRduirch 2007
outlet on the tube body. 68. The cooling tube in

accordance with Cl aim 64, wherein the
TH@lﬁﬂﬂ%%ﬁ%ﬂ%%@%réncﬁ§ﬂﬂﬂd%ﬂﬁ%nﬂiﬁﬁ §Héﬁ&r§%mgﬁhereln the

bug%albgseopf ddg’iinRsi deasweiace fvy gomacdimgwhhenh is at
gaV| a controll abl e vacuum structure for

§§P tﬁﬁijru ﬁlf“ﬁé FeREryTafid 3BFEEE GRGF%the ol ded

article in the cavity. 25 69. The cooling tube in

%Egorc%%q 31:%’“ {ng" ﬁgmapcﬂbo er{ceé n %E? (ﬁ%\iln} y6ﬁi S wherein the

configure o provide an 1'n nate W th
oubsi d]@a§ur5f ae?efqﬁs -tsr@@trmrde@oaiptruléll@g 70. Q’h@r%biatYnng the

tubeihg acaedance WehBicl air 64 Wheeidriche c3Qfigured as
cooling tube is configured for use on an end-of -arm

fesh2ter121PRE2EEHI PG Fube in accordance with clai m
70, wherein the end-of-armtool includes: 35 a

rrier .plate for nountin
T6! ot aa'f6 TR it S "RERh, rdnbre nednerein the
coohilegivebenguiangedktemta surd hteebbngehedcaipier is greater

7 T cooling tube in accordance with claim
kghwﬁgpeﬁﬁgt%gs 5 nunber of the cooling tube

assemblies corresponds with the nunber of ol ded

ehti Q&%Mfd@@@@l iR & s e thernmehdiiRg @NStﬁHbreln the
73. The cooling tube in accordance Mﬁth cl ai m

RhBPei MG HEES 0 2n it L oA fReNes4I Hw@ thbe aas%%%]rﬁ“és channel
oQrLesponfis: wedtnact Myt bplsvinfcd henaumberi nofofobdedant with

|cIe roduced.in.a ycI of .th ng.,syst
%& ﬁéﬁﬁgdCﬁEFu%Srnl%ﬁ% e%c88FFﬁ§ t&bghln £0E %Ody
accordance with 15 any according to clains 63 through

3 QQJH?L“ nQu}SQe ﬁt eaQ?CorQ:fanc(é)w§§Br'¢q'a h t@@ tHH@reln the

havi ng an |nS|de surface, an outside surf ace
aﬁaga pREFRAREy Bf RGVITHES cidmElal extending  therethrough

from a base of the inside surface for connecting the cavity
with a controllable wvacuum structure for assisting in the

entry and ejection of the molded article in the cavity.
The cooling tube in accordance with Claim 64, wherein the
cavity is configured to provide an intimate fit with the

outside surface of the molded article.

The cooling tube in accordance with claim 64, wherein the

cooling tube is configured for use on an end-of-arm teool.

The cocling tube in accordance with claim 70, wherein the

end-of-arm tool includes:

a carrier plate for mounting to a robot in a molding

system; and
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20 di sposed therebetween that arranged in a

| ongi tudinal direction of the tube body; (ii)
machi ni ng the inside surface of the tube body to
substantially conformwi th the outer surface of tRe march 2007
25 nol ded article; (iii) configuring a connecting

channel .between_the cooli.n channels; 30 (iv)formn
?ﬁe%ﬁﬁf? 757 ?ﬁetﬁﬁiﬁﬁ?%éﬁ%nEﬁb@ FBréfgﬁ&'g, 2 "sufface of
wher eemrtiike slepeef extruding the tube includes

extrudi ng the cooling channels as arcuate, el ongated

slots. 35 45 b _ . i
The cooling tube in accordance with claim 71, wherein the

number of the cooling tube assemblies corresponds with the
number of molded articles produced in a cycle of the
molding system.

The cooling tube in accordance with claim 71, wherein the
number of the cooling tube assemblies corresponds with a
multiple of the number of molded articles produced in a

cycle of the molding system.

A methed for forming the cooling tube in accordance with
any according to claims 63 through 73, comprising the steps
of: '

i) extruding the tube body having an inside surface, an
outside surface, and a plurality of cooling channels
disposed therebetween that arranged in a longitudinal
direction of the tube body;

(1i) machining the inside surface of the tube body to
substantially conform with the outer surface of the

molded article;

{iii)configuring a connecting channel between the cooling

channels;
(iv)forming the plug.
The method according to Claim 74, wherein the step of

extruding the tube includes extruding the cooling channels
as arcuate, elongated slots.
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