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WD 2004/ 078383 PCT/ CA2003/ 000303 SPRUE APPARATUS

TECHNI CAL FI ELD This invention broadly relates to a
wapra7sgpar atus for use in 5 a nol di ng apparBC€TIEA2003/000303

.More ,speci fically, the invention relates to a sprue

apparatus' for use in arSPR':m ePBaRaTUS di ng or 'die--
casting’' machine, and is' particularly, but not

excl usively, appli cabhe~tRrbat. epkkps nol ding a metal
material” into a cavit en the materi al
This jnventhexobrepfiysrailates) tBACKEREIND @WPoaFEtus for use in
a ﬂlé\MEMd; QbsREHeuBYS hiRE% féﬁedﬂﬂ’:&!ﬁlﬁpp%ét yﬁvaﬁelon relates

known in the art. For ng t he book entitled

to "@n&@F&Farﬂ}?R?gra}W%cf-PBn% d‘rrhg T4 RHRGIEIGR Il‘ﬂ/ldlng or die-
cadteiier maldtdha, Capyr i gbt SLP4ichTBNLE; S6999- 1t . exBilusively,

escr es Hot 61. Essentiall
ap B9 0T a8eH 0B RELAHEN BofVRt (RACFRARE nifico a cavity
of raoznzcb]ei awimlen t tiee romberisysieninfaathbkdtikopiicnjstatieng
at least partially nolten nmolding material into the
cavity of a nold. The at Ieast partlally nol t en
mat eri al , sonet | BACRGROUR T TEONvel s from

Spihie BB Res nfvgglrﬁowh@gaaggakawgaa@e weml Robl8 in the art.
sprue bushlgn}g?and into A_carri age

Foyg o%aénﬂ? ke tie aeey %ﬁl%Ef@é i%ﬂgﬁﬁaﬁﬂéﬁw fRIGGFAOR Molding
TedHiosgyre byshHeppeter Rezag) |cm:p3xﬂfneghtcom1mti opBRetws@n 90-130-

th n zl e, and the Sprue hi ng durin
9 Cfedsrzal pefsgc oét. %é)é‘}easfl 0t RSSE a:éé' 5°‘en L4l Yy, Sprue

, bus:’ta:umﬁ)r breovaeflesm uesnneotdoandaerm\teermthes prragﬂr&rw enozzle and

thé‘of‘gﬁﬁéi‘e(é s’%ré\fn acS e%t ?rgalfd o#)lof lH?leE%En ﬁerkéés%nggrtlally

rueW|II n a portio
mo}gen héloééﬁta@ m%%al Tﬁ@t§o| Faef .cgérwaet e@f al2 metdpe The at

1ea$£>cb pia@mt\aqqyfrﬁ?ntaﬁ &ﬁ&tlt@i_b@rﬁhl @,@lrd&fl?fe%dacatlled the melt,
Su eqguen ectll C e solid | e mat er i:a

erg e R orertl taRaTPRBtase FO TS R0 BICHHE hARECAS Fithin the
sparmemshning hend ciapo nat eavaty &bt aspolids, geﬂaﬁ:&lllage force is

vl S ELP LG 1Rl 0 aThen R sPBgn Bple R Blening cox
sedTiry atlnq ccpmeﬁbx-ozspbgbweeemheh@aqhueeu abzgdkt end the sprue
bu {0 ndﬁk_‘»@n%gl Wele qﬁom%@gbysc@ggh' NG QuaN, 2 g}a&é €are two

heat™ zone St at es tent 5,884,687 .iSsue
CahBIUR T, 059@'@“9%5!4@01-& aef Peliches a hot sprue with
a heated chanber for a die 1 WO 2004/078383

Cong/s%Ar%oeosg/ gg):%gorel’ot heated Any arrested flow of molten

material in a cold sprue w:Lll solidify within a portion of the
duct in the sprue bushing. The solidified material must be

_removed from the sprue bushing before a subsequent injection

cycle. The solidified material is wasteful and increases the
cost of the part as a result of the scrap material.

Hot sprues, generally, are electrically heated. The heat may
be applied either internal.ly or externally to the sprue.
Generally, the hot sprue keeps the material molten within the
duct of the sp.ruebushing through a single heat zone.

United States Patent 5,884,687 .issued on March 23, 1999 to
Hotset teaches a hot sprue with a heated chamber for a die
. . .
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casting machine. A feed sl eeve includes a central
passage 'for. receiving a, nelt of material. A heater
w@e@vioTi3gy a single. heat zone surrounds the PEBEAA2003/000303
sl eeve. One end of'the feed sl eeve engages a supply
casifinlg quichime al anfeead edeeivegdrnicdnces = Salitet egassage for,
redd\H £ RO 10N RIeddIE, BPF UL DUSES dflgpré\,y g 8 single heat
materi a

forms near a gate an

zongur FRETPHBAS e ke 08E88VERr ougRet I’Pé’lcgp%f- i ééﬂel oﬁﬁ@ﬁ sleeve

endaﬂjéaéﬁt 'aonsﬁfa§§§urc§-‘f 1 Q;gil@ fdlkas . BPagend %&%5.1;87&9 force is
i | ssued o 2t Pol éshot ration
<CBrouT o BREARR OF [ DuLRPHG, DU { voA Plug of

so]hl&ﬁtmseﬁi&lSBOMSSﬂEEQUI@dIg@é henfiody @fuﬂiml out during the
shin nber ur re-i k ed_at ‘
mort driecdnits SRS ke a1 A5, 851 BADRERECnChpessure.
ener gy at the d| st ant ends to conpensate for the high

a8 SEARELC paOlne S AR N O.S..éggedatoﬁh%u%h%ttani 2000 to

Is Is an at tenp rovi de a const ant
Pokyshsel aE0FRORRBAGDL ﬁ@aé:ﬂ?lelsr el eﬁ@ﬁ nsbpblRe h%uswﬁge| Rushing.

e@lsﬁ&ﬂgée Wéﬁtﬁé’fén té&eé nvéh@xme sieFoap@ihgat tR8 Vbdy of the
1/ 19552 to Hotf o Castin % Bgaches a, 0s
e

s L IR A LS T o SPUELIR e cne
dls:&mmmeéndé’ heft ehpebat;hliagalt@ng:rtdwamtmmse | leewgt henbérgy at the
t.he spr e 0 I as: 1. Si
LS e SRS LRSS LB RiBpsiME ranser, or
hedwing hlotsehe i uehée s distantemrdat ur hig ghse@sughttempt to

prdPi GOSHN @ chlsQWntA RERRALAIQFBL 4 TEng! enkn ‘érftq%%_l_thi@q&éq of the

transifion channel downstream fromthe sprue
bushingiif o SERGHR NI LOEBNERSTPRY FRB8pendent |y of the
sprue to freeze the nmaterial |nthetran3|t|on

P POR L5265, 1S D123 %00k gHBEEAP (HS pLagsps teaches a

spruw erttippninheachesim spmipdnstimst | ghtht hat q@pﬂnadrs amansition
chér@éfved ﬁgnfqgﬁwé?gthQEerfl%ng gﬁ‘fng rmc 1e19 nSk the sprue

onen nj ecti on
apmaw ctp abe beenkenl Lede@i fhesmg%eeuaﬁéom éhﬁémls@one The

matd¥Pisal inSprEe eﬁ'{’!&.\bféngeﬁl@{tht Wﬂ@l‘[é’%&tﬁ@' fdingrof @emperature
metallic material. 3 Theigg unctlonlncl ydes ri

highnEPArgRy FP ngRFeas gjo?‘t’r 0 eP3 FF?sfnaE6ﬁ‘Boﬂ"éﬁt includes the

tréﬁﬁftil@ﬂ Fhaanéll |a¢dm|s¢&ieahorﬁr@ﬁhahsewxd:e gon'phéel‘a;tranSltlon
The fit _of a el char.act.eri zed as

chiiPhg 5 EpRsEB R PR AAEE IS UA L £80u80kp freeze the

mabérihb ianhbeatrayfindencahapoelion and a

correspondi ng i nner surface 40 of the cylindrical

bore, the close fit may include a small 2 WD
%5@@@@3 issued on March 19, 2002 to the

assignee of the present invention teaches a spigot junction

that provides an improved connection interface between melt
channel components of an injection molding machine, and in
particular between a machine nozzle and an otherwise typical
sprue bushing for thixotropic molding of a metallic material.
The spigot junction includes an annular cylindrical portion of
a first component received in a cyllndrlcal bore of a second
component. The fit of a spigot Jjunction is characterized as
having a close diametric fit between an outer surface of the
annular cylindrical portion and a corresponding inner surface

of the cylindrical bore, the close fit may include a small
. 2
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annul ar gap to support an initial nelt seepage, and a

| ongi tudi nal engagenent of sufficient length to permt
wo pevsnesis3 rel ati ve axial novenment without a | oBGT/GA2003/000303

sealing. The spigot - junction provides a seal against
anpelear| egRRBge toy Wudnertof drhe Enitialt hat 1&gy slé%page, and a
1oRY90BEY 861 D¥nda3Renef o%()léslﬁff]fnl %ng tgeiglermlt limited

seepage that forns I n the

‘ e
re%@ﬁb‘ég K150 ISR | hWk‘Fi%%ﬁtsﬁr d@S@ppaf asaali:hgt The spigot

jufiesubh browipesr o RevTRladAHd AlhOMN: & e.le
of the. LO sprue bushin grWlth only a %9%3?@ b% (}QLEQue of the

E18 ond ki Pa¥ed S oaHH?“ﬁPgFﬂ Y t Re SOMHi tqfongob%d%fﬂeed molding
ma et tahgseapageakhikbovbpgs LhAr enghshig1Seiye bushing.

For exanple, with the single thermal control zone

.dedi cated to the thernmal regul ation of nolding
Thqug@ edral ai nusipegoraf gfratiemmivwlitly krosrssprik bPpBfhtus that

' res?1 POSSiR ep&@r' RegpsRdenty t%igﬁigﬁl léi r% h@%?&t ?%g:h of the

junction, between nating annel
SPTEe r DNSHLEE wi vhtl 0@6&’90@ Fan@ﬂleonthem@hsmea dedicated to

maixﬁﬂ:a:arbiﬁgsaﬂ'he agYEst: iRisdi g Eﬁéerxh@idi ?k%%ecer-g.réel flowing
th.W] e‘ggf nol di ng mat erial is_of particu concern

Rs<SHYS | GNE F’1goys E¥Eh e¥amlemgiesiumthe single
therrhdnl xanxmlt(ildig ponees&dlddae:et&) tbe ’d!lﬂéSStB'eE:h\bl Ofegulation of

mofd?ﬂﬁéj ﬂggeygggmllhm% g) a# ﬁ%? ld\%\é? Spdrk%cess, it is not

processr ng
posgreh kbl €Ot ollpﬁgmeld@entb:ﬂ al tlze:dm&éihper atgudatent kak junction

betﬂ%&l@ hheihgnedd tofcidigy pré’&nl%?lggﬁﬁét ugfgt %.scof%%ue:rered with a

pro | ens such as undesir [% enpera
R aACBEE 1Pt r 6P SHR¥EDI &g FBLAabilen, serlprasdidet molding

mam‘m:al Pealeessi norhé exidmkddy . &otﬁgid@ﬁgbl BBterial is of
pa. telc;a&f to_the susc t|b|||t of, known, sprue

appar a Us T8 pEFHan¥ht™ JdEF6! ) du]el$16t alloys, such as
madrgpuudinatl ghappibédingr pragesfsor cie wqtmé eﬁofs@iblllty of

ragd b
gie PHRROSE, < anéﬁtlh i ng. A9 seal  bet \geee% %\@,tﬁcﬂy processing

machi ne nozz e sprie apparat i
CemprR tyrRs - spr JldgiRn at us | yomdskeled destireliieghto provide

locyreradd nﬁefn@@ﬁﬁ‘t@&%r eéont‘f%ﬂ:“ B80T £ B X %ﬁ‘t& ngf the sprue

esi u ar.ticul ar t e sprue appa
apﬁ??s"ganc [:Qc% ‘%‘%W aPaRYLEms | éHGhh Bat V\B@ﬁieﬁh@able molding
temﬁaﬁfmmam&ﬁml heoritt ¢t fﬂo@@@a@ﬁﬁ&wg@ﬂﬂawom, or provide
e ssed. un pplied carri
ger% rce %?%%%S%Hﬁ%%ﬁl ﬁﬁeJ Q %‘Pﬁé’ c'.‘rziclréD ‘s%%"ees to the
susgsrtrididsl s s 5T e ptkiniohve: tospeu&aneappa@“aftmsrmt kBN permanent
d 5dlq([agr}§,lcqi{;ge 0 rSHbe: nstructl on;
° the s] ender COH:L?C%‘U(?I{I oné rLa?’lJ;{) %gépp%rgatﬁ% tiage’ force,
reRPRRUeSCF sHeR t PREROSEon@fic Medmbsdiringang t deakf between the

madtfsie Baockhgemadnd espanNSEH et %ﬁarg%ﬁtserse%@figfgy when the
spr%!eon pahxeail_uesn g:thr;] v(\)rfeakened at the h:Lgh operating temperatures
required for thixomolding magnesium. In particular, the sprue
apparatus, in use, is constrained along its length between the
machine nozzle and the molding apparatus and is therefore
compressed under t;he applied carriage force directed though the
machine nozzle. The sprue apparatus is susceptible to permanent
deformation from the compression due to its slender
construction; the slender construction of the sprue apparatus
provides a short heat conduction path, and therefore a fast

thermal response, between heaters provided along the length of
; ,
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3 WD 2004/ 078383 PCT/ CA2003/ 000303 t he sprue appar at us

and the nolding material within its nelt duct. Yet
w@nmthes3spr obl em rel ates to undesirabl e procesBCT/CA2003/000303

ftuctuations that result fromthe formation, and

thej emn appasptus phndystied mMBLENALSheRtet BADL RithB8 its melt
SuMar | aE{'e@nsahEtﬁ@icuerpeﬁ 14 rm R% attrl b%efﬂ%éfxzable process

I nadequat e t her mal
fleehPpgirasi difhaiSUNHSR\ZtO:fﬂ'HE It[kMEI\IITd)ﬂhbtﬁ]oa fan®dt ejection of

spagbBed1 s t Be pir?é&ﬁ‘élét‘é’ﬁt‘t I é;[tl?lere du{:aijr\'/J%:Jaor?s in sprue

LO sprue apparatuys that connect

PIHEFJMAY nBehAker lﬂ?élfﬂde WPt Bnadegnase s@kse:ermabf ragulation and

meltl dhagnappasbattigurdie csprue apparatus is configured
to be received in the nolding apparatus and includes

a nozzle connection interface at a first end
configured to for ' tcbmrmmi:tim enent ary

ter , elt
2 et PRl BRCinds T UL ThE SBY GRChDBar el fRomzovided =

- SPYRe PPP3rathE tbas serowttend meind duaobl dfcanmtdm@ machine

nokplerfraed at hhsSecopdrendogonf 'r&tilrcflq:togﬁ] a]ﬁP%F%Eg ofhe sprue

ft_)unctl on,Wth a, conplenentary connec
APPREAHYF of AgCHPphPREEE £68r beokReeived on the melldicecpparatus

andi tindhel) aol foszyDBErcEySd &M o NG rHUME APPAALYS £irar  eng
Lity qof thermal regulators

i npclydes a I ur
CO%H ogée ggal S the EBFEéonaﬁ’ﬁ&hatauscoqf‘ﬁé?mﬁﬁéﬁﬁw lgpnnection
integtdeee an ptheal maghing tiesied, zenefmeltthafus€dMBMt extends
thf@@glll egied hsﬁf‘uet §P£ESsaEP?ﬁ1a¥:Hm ai‘:ﬁﬁjhﬁ&%grﬁpg%e secfond end,

| ocal i zed t'enperatture contro

anghj § HreLd SRR phes etinher fadacat pohei sesonthensproafigured to

fo@ppar afuictih bgien aaséﬁﬂﬁ’idm&gt&m%urﬁqe’%t\@&rp Pnterface on

th% unc on bet ween mati_n onents

Hﬂg n%QP%JéatPﬁelfﬁa Wm@g‘—wg@e@f St raeltoduct with the
mobilahdlmrfxs ubgtasii. al’i“lﬁe|t %ih o e@p@@ﬁ&@?&' Ofngﬁc‘—ﬁ‘EerH.ncludes a
i zl e an runner 'system of
pldll?ld{% &8 gggpezflr Rlus - eﬂ%gact&ﬁ’?ectl Qq;ﬁeé?'fz?clém& the sprue
apRprafeisppdiral Usheryably temdilaue eal pbuzansmtyt ©fathermal zones
{at t
thé@'g@émél‘l‘@cﬂl@nl@ﬁggﬁsgﬁekt%% ) ofa%arapt? &S ga gﬂe purpose

6, 357 not asp
of Frﬁ?gﬁflﬁgﬁ{h%?@ﬁaéa%Vé@l cféﬁl’faohepﬁodn@wlngnmﬁérm within

enddr@amrmyt edakbenHA SRS aPAr abbe LRY-.COMEUS, be an
aséeﬁ% It guct of a chine, nozzle wth the runner
Cﬁ‘ge}gﬁ)ar%i-ﬁg iPhcl JdRAGLPAe efpresst: mating

.comlz)onents Further, any junction may be thermally regulated

such as to enable a substantially leak-free connection between
the machine nozzle and the runner system of the molding
apparatus. ‘

The connection interface of the sprue apparatus may be

configured to complete a spigot junction as descrlbed in United
States patent 6,357, 511

In another aspect of the present invention there is provided a
method of controlling the temperature along a sprue apparatus
that connects the melt duct of a machine nozzle with the runner
system of a molding apparatus, including the steps of: 1)

configuring a plurality of thermal zones that segment the sprue
4 .



O configuring a plurality of thermal zones that

segnment the sprue 4 WO 2004/078383 PCT/ CA2003/ 000303
w@ppanzsss al ong, its length; and ii) confi gurP@mCan®3/000303

or nore- thermal regul.ators for regulating the
appanpenat elonon Hts| dasgth; sabdetiiof ¢bwfphurshgt vraf or more

théﬂﬁéﬂmﬁé@fg oréngoi"i’égﬁ?g[:%éngheoggmgﬁrg?ugﬁeJ.g at least a

cont ers drivi I Ng at t as
sul$rk nef rdwul Bl eralbagse@fupdictedberangse faswtibatk) operating

onér@m nleeid céz@@i@ﬁéﬂ@ EBer 'Eiiwa%esat nléﬁger%ar&?oset of the

hjra nol cess Preferably, the neth
th%?ﬁ OFFPH t‘&ﬁ%naltﬁﬁ@eﬁatfslﬁleuefeﬁ%cﬂt urom their

reép}éctﬂ:‘c&?eltﬂﬁénd@}s thieesSt £p 8Ec6088haLr irh8hoBEemBidiBgt Beocess.
plurality of thermal zones as a nozzle sealing zone .
t hat - enconpasses a nachi ne nozzl e connection .

Prefppalbbire thd aeiphlod Qﬁjcd:op’orbil.ﬂ)lhngt thef ivsiperbwie along a

sptdie %é@a@?@af@f&ﬁer\ém ¢ BhBek Nene ? ﬁ gtfuggflgavg%%gng one of

nozzle connection I nt ace s naln
theePlvrglpsynote Hrexmrl nepreag avﬁfstt@r:flalzzwan lsealing zone that

endonipH § SEE0HS Ing JRRIHY ahHk Pt r&%ﬂﬂé&ﬁﬂﬂl nBheLiak o Y & melt
the nelt ducfﬁﬁggrtl on at any desired processing

dugte BRI W 2 et hotrd nad ﬂ!ﬁ—‘t%Fu?népeaéatﬁé,swbsrem the

temﬂemlir%uattnq:mwofzznale cdﬂiﬂ%@di%ﬂ Qﬁtbh@ﬁ&%' izé)lnﬁt&:.ntalned
a I Tl ZQ QocaLe ad] ac the nozz

belaosw ghe Ene(ir&wfg‘%reupnrg”fhte not di EB %nq 0 W‘Fﬁ?hal while

eal i ng zone
SlrfaﬁL f@mitpﬁbs geeimtaining poe tmohdusg nmanemakdwathany the melt

duddespsLedi §r ogesahpa dte%'m%'da c?cesgl%ed‘r&%&?gg l[@%_/ fyrt ?ﬁe method

i nclude the stepo configuring on ural i
mayof ‘Hé?l'l"%’%' Zoeudes theycsier zofe, cm@ag@nlag thee of the

plLﬁ:&iﬂm&y erd othéhRaspritheappRar ag U%oﬁc@.{ti&ﬁ%mzrdﬂé edjocated
n of a ilgocall ed pIu of solidifi nol_di

ti
adjr%ci 4 f?he? talelpa ﬁcgﬁﬁ 18843 relﬁbrtilP%rfnokﬁlng material
wi ddivanén g enclompriseetidnem st oﬁubhe E&ﬁd‘tiﬁfbrﬁpbﬁr guntefidd® at any

t
SedRe S ERL e b BB L 08 el PR Mt us s include
they| 9P acs pF@@fasﬁiémagu@’fa)rOfratheapﬁmglu.l’w roff dilvgrmal zones
as At Qf%@ilzh@ ZRedel {odiictgatya ‘éﬁé' ﬁcgoﬁcfn%%rdat 8fe (the sprue

| state to su port a rocess
appﬁ}ﬁﬁtg-}g y§ lﬁ%rﬁ‘aﬂt*z%?ﬁg@ nﬁy‘uﬁl%é%r de lmlrmxed plug of

solrietjifl iatd omeldbpy gohat4AEEl oNSnf OreNeHddibAd&d | aikﬁéft duct
%_ac;ﬂ ng. 15 connection between the nmachi ne nozzle and

POR e Tol di ng apparatus. Another advantage of
errbodl ments of the sprue apparatus of the present

An | BYEBLIEARE Sof Al enaans | gy a£h8”'s;?¥1?é‘ %Fpptahzgathtllgh of the
present invention is the thermal regulation and control of a
plurality of distinct thermal zones along a sprue apparatus for
maintaining the molding material in the melt duct at a desired
temperature and physical state to support a molding process.
The plurality of thermal zones may also provide thermal
regulation of spigot junctions for ensuring a reliable sealing
connection between the machine nozzle and the molding
apparatus.

~ Another advantage of embodiments of the sprue apparatus of the

present invention is a durable configuration, even at the high

operating temperatures. required for the thixotropic molding of
5
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:0 operating tenperatures, required for the
thi xotropic nolding of 5 WD 2004/078383

wWOOAQE80D3/ 000303 nagnesium I n particul ar, PCT/CA2003/000303
vul nerabl e conponents- of the sprue ‘apparatus may be

masgtbstant.i al tyy pa@tabegaf:r Omtﬁ&@r'aﬁecaé&hﬁ&ﬁen{é’ rG8- the sprﬁe
rg@er advant aggu nﬁ hgents of the s
aPBpparacud ot ﬁe g?&?@ & VeHﬂQﬂ?q%ﬂtﬁéoﬁréﬁpéﬁ@d carriage

fopfea cycling zone that controls the formation of a

nol ding material plug used for flow control. The

gcllng zone is configured and controlled such that
Anpkbes| advantege iaf] emlenfliglen ¥ sobf thecopsist eppbazddus of the
pré%ﬂtn'ﬂﬁl'eﬁtf&lari% henge ﬁP@(rE}ﬁiénl Sf R 0G§ gilﬁg [Zone that

var i t|o from shot to shot nvention
CORBERGS pEfei EQFRAF}CBsefuR WRéAingl gaferislt plvef alsed for flow

coattreys surite agywiliRgM@IRsi Uet Based o3l Sahd éon‘:?olled such
th%F xQtrop LC sta # n an |n% élon nol di ng syst
t Hotigh fLF Cnift FESUNRISEHBA EHato ¢ A c%?lc@ptc@%SlStent and
mipimel y sdpe | gadl didnveanyhens! disngleyst @Rddeddi 8- 8ation from
shdPl dingngpterial is plastecized or at .|east
partla y nhelted prior to deliver: to a nold. o BRIEF
DESCRI PTI ON OF THE DRAW NGS Exenpl ary enbodi nents of

Thé hﬁnﬁ}éﬁﬁﬁah 'Hh\ée nbdon %hhdn%\é(ék&q. cuq.%gzg.l.r)} bS\/\%I %\(‘ﬁ.{ whep molding

ref erence e accaonmpanyi ng draw ng
wigh ?e%ag'a géPVﬁ csdfc}évvé‘ﬁ SWH@“—dF‘b?(ﬁfbﬁﬁm-dOaﬁ@N efllays in a
'thj?xditm{mbﬂd:ngta}tetamImWﬁhé@tﬂoﬁ't ?ftf&%diﬁ'igt é’f%tém although it
j n suppor e presen
i DS 0o Ao LhAL 660 SRR VIS BERSTT e T oy
mo W qing oty Stepr im whpphratmsldtngrdangrialaiprefiestedized or at
[ |om the )
 1e2I00R IR 1 OF HhOPBYSSENL: ! Lol BUPRLLOD 4ERgS grg%?em of

appar at us shown i n-si
FIG 1; FIG 2B is another, nore detailed

Cross- SGCtIOH@kIﬁFeMEEJ

a refer e TR .
Exe@p?e%eefﬂ% ?W%s#aﬂ'lﬁgpfﬁ%@%niaeﬁem:lear wd 13f nowhie

descipiled appel at eifepenos dE6I0the acPobeh ety eHEQ@hHBEtlﬂfwhlch
FIG 2B; 6 WO 2004/ 078383 PCT/CA2003/000303 FI G

and 4B are perspective views of a front housing of the
FIGspk s apeaatiallf ®UiGa®y side diagrammatic view of =

molding system including a clamp unit and an injection unit,
that can support the present invention;

FIG. 2A is a more detailed cross-sectional view of a sprue
apparatus according to a preferred embodiment of the present

invention, t;he sprue apparatus shown in-situ within the molding
system of FIG. 1;

FIG. 2B is another, more detailed cross-sectional view of the
sprue apparatus according to a preferred embodiment of FIG. 2A;

FIG. 3 is an exploded view illustirating the component parts of

the sprue apparatus according to a preferred embodiment of FIG
2B; '



FIG 4Cis an end view of the front housing of FIG
4A; 5 FIG 4D is a cross-sectional side view of the
wo cawnn74383isi ng taken along line 4D-4D of. FI CPCWCA2003/000303
FIG 4E is a view of the other end of the front
FIGhoush ngndf4Fldxe p@rnﬁﬁﬁctflr@ v?éﬂbﬁoﬂf QeEi‘Bﬁ&t R ST i ?Wof the
ativ iment of the front housing o
spr¥§(§gé§%£ %3%f %ﬁﬁrsga sectional view of the housing
of FIG 5A; FIG 6 is.a cross-sectional view of a
FIG SPASCLOUSI 801 LAkep BEORE. k06 OpBullnf! Ge 31 FhG
IS a perspective view of the cooling Fnséer ot
sprue apparatus of FIG 3; FIG 8 is an end.vi ew of

FIGtr@DCQ§|ér@kéé%*%écﬁ&oﬁifide@hgﬂewfég'Eﬁet@§onF hﬁu51ng

tio ni t I's another end view o
tak%% gf ?t4QﬁEhﬂ?%a$Iﬁheﬁ Cifacing the nmold; FIG
10 is a cross sectional view of the cooling insert
ta 0 n 10-10 of FEIG - FLLG 11 is a .
FIGbo‘Jf(I?Blrﬁ 5 d‘gl“\"u gOV\'}J: ofie rRERgE) PAd %SE]P? SFopfchopsing of FIG.
4A.F1G 12 is a cross-sectional view of the insert taken
along line ~5 12-12 fromFI G 11; and FIG 13 is a

cross-sectional view of the insert taken along |ine
FIG1RA IS rdrREIgReqaiveovienrfoaa/ a¥gsggative embodiment of

the RIS GA2U03 Q09308 rEETAL LED DESCRI PTION OF THE
PREFERRED EMBODI MENT( S) An enmbodi ment of the invention

is described in the context of (and in situ within) a
FIG! Vi ciad a jectiambhoviengosyshenhdlsing oshewa.i Bakl G

1. 5 The injection nolding system 10 -i ncl udes an

ection unit 14 and a clanp unit 12. The injection

FIthAtlﬁlapﬁ@ﬁﬁﬁﬁ§§£¢mﬂmﬁthlﬁmtef|alspnuelhpshtngntakén along
1line 4md dof TRz i ection unit 14 includes a frame 32

that typically supports. a housing for 0 electrica

conponents for nmachine control and operation (not

FIGShpwWY ,a asev@bdcbra WDasi 6F €106 SoPDYRE Dﬁ%Er(:nBE the sprue
apparé%ug of\FIG 3;

FIG. 8 is an end view of the cooling insert of FIG. 7 when
facing the injection unit;

FIG. 9 is another end view .of the cooling insert of FIG. 7 when
facing the mold;

FIG. 10 is a cross-sectional view of the cooling insert taken
along line 10-10 of FIG. 9;

FIG. 11 is a bottom side view of the cooling insert of FIG. 7;

FIG. 12 is a cross-sectional view of the insert taken along line
12-12 from FIG. 11; and

FIG. 13 is a cross-séctional view of the insert taken along line
13-13 from FIG. 11.
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carriage (not shown) supports a barrel assenbly 34
that includes a barrel 42. The carriage is novable

WO ed0anisses to the frame 3,2 by actuati on of a Pei/CA2H03/000303
carriage cylinders (not L5 shown). A screw 40 is

Itgcabmmgligi ﬁESCﬁ?P?I%ﬁ bherhar babréRrepl BMABSIRENI )
e, SGLew IS rotafe usya ax|
An { PEREFTERT,ion 11 TR 677 425 ieg CEERER it VEhgeopREexE of
(arai nmnsu.tut wathis)wel [cygrimel i imjdetbod . mdhE@invgr 8¥stem 10, as
an315 gay,be a conbination of an electric notor to
sh rotate tﬁe screw 40, and w hydraulic conponents to
translate the screw 40 for injection. ‘Persons skilled

Thd NihH8cREbnaRR18G Rt esﬁg'@ém alﬁoﬁﬁlcghale)é 4 d{d@;,"écj:@ion unit 14

rove_system,oor a co etey,eectnc ot or

an‘(%jy‘%t EXPEBUIER e Lhpl i BRet dnretilprecintion Lhi prodesses molding

matfeider for HhH@Leish agedLCchpRer i Ng Sed eWnF@b%EBhorhnlt 14
u‘gé S |IIu%tratgg ?5 hog&@er ersons skilled

InghiEef  Ji FFRERpr PHPBEFESn @iniousing  for

elerayrbealls@@mpﬁnemlsarﬂbmnmcﬁnepm%ﬁéblsa&d &Bp‘ieratlon (not
:gﬂ_p)l e si_ng The cla

shawiy udéeg W%g'? at %or%%oq'g lar?%ngigo W a pr?b a%%ﬂm) A

Ca%%@%nt faobyveshewt} ansunBoraad. aa baanpldrasse(nbdny 34 that

Shoyes éora st-eokigng t £ t
lnthe ?%t gnar Iate?ﬂ%%%ﬁt%nﬁvéﬂ? i‘gfa&gve to the

frapgy éOpr?%a@ ypﬁhrer%nﬁ@éréagsy awkinders (not
shdw:e) bars sarewnlw 180 lofa veld Gﬁtﬂ{l&l N Wbce Aof | £BE barrel 42.

i s, attached the ; ng pl.aten
ge sé:clc?nd rr%l% ﬁaqrfe“ﬁGElB Sé\t F&c?%g dto‘iugﬁe usua?lly axially
trm%&am@rwﬂphmethqeoa@ee:toﬁz bki &| edréewn ﬂhévarB6 in a manner
thaﬁppﬁ.gc'v?éﬂtﬁﬂéwﬁhq clam dnit éjlzh ?@r G, d&f ? may be a

draulic drlveunlt a conpl et Fic
Coné%n&)tﬂawveforana %w.mﬁt@fu é‘—l%clf@t%t%tbe md:evs 40, and

hyd&@u’l@.@é‘r/ @$ﬁ§8§eﬂ’€§/ €O2Q0H 00303 th¥deaulelC 40 for injection.
t he caontext of an exelngl ary thixotropi

one

Pe%? nl%%/Jth%CEn IageSi AT hi PEPE98IoFSot RBRL & completely

hydaq:qaxml divé vent ey stedm abe fad fgg:tgﬂfet@lgf hﬁp@@triéio br drive
r roug thro of barre

syé?én? S%BTLH Bgo% gﬁﬁg%td ohccrzooﬁ%/}é?/ 1ot ar iy Hat8r Ilﬂ‘Pron‘F urther, a

Slrtgﬂee Shaed o Hrodsying o%rgl@WelnaecEiOnZunpasisalllustrated

hoWdAReK, sdVeorid @Elli@f £ 108 éfﬁe&)@f%f eﬂggehf Qeag two-stage

accunul ation zone at the head arre
in¥eQink o iunhe WZ@%‘*&%@ As the screw 0 conveys
rmterl al into the accunul atl on zone 82 and nozzl e 48,

The cel Screw 40 {PVES back Wi i i thin thg barrel 42 to
D CCUHR 2R % opens, closes, and applies a closing force to

a mold. The clamp unit 12 includes a stationary platen 16 and

a moving platen 20 mounted over a frame 18, and.a clamp drive

(not shown) for ‘stroking the moving platen 20 relative to the

stationary platen 16. The stationary platen 16 and the drive
are typically interconnected by four. tie bars 38, only two of
which are shown. A first mold half 24 is attached to the
moving platen 20 and a second mold half 26. is attached to the
stationary platen 16. ’ ‘ '

Persons skilled in the art appreciate that the clamp unit 12
can be driven by a hydraulic drive unit, a completely electric

motor clamp drive or a combination of electric motor and
8



shot of material. Wen sufficient material has been
conveyed into the accunul ati on zone 82, a shot of

woraioen7ssB3 i s injected into the nold 24, 26 throUgh2m3/000303
sprue apparatus. To acconplish 5 this injection, a

hydisdilald ionasdruaiog, i n screw drive 36 forces screw 40
forward towards the nold and thereby injects the
material fromthe accunul ator zone 82 into the nold

Int hheugchontlexizl & 748 anCheg&mp bhyve %m@wmfc n&foﬂrdl&lﬂg system,

th
magrleilin WAl (P78 ok MbRngdl dbprtprtlld fde R il IhiR fed into
a hqm%ri%q) andangtrsed @hxeugbeéeaa Ghrogt t 3 achi eberrel 42.
T@%Eﬁ?éxﬁt aon i& dﬁété@@dpﬁ:gc%iﬁi\%%/ fnspaﬁfﬁﬁt &Haf‘te@l%l from the.

physi cal state of ing _materi

fe%ipﬁé?%‘%’% 32t RéOpPesdnt Rawrat i bh |§a§%e|¢plq1‘f€icéﬂ'd vgplve 46 at
thekl\lléﬂﬁrﬁfe[s@li@?r t@thenarrbaﬁdbrre&i @éc@@a@ﬁo? 2Bne™® at the
ar a rovi des a necti on_between a
ﬁ‘ﬁe&&’cﬁp% p o'%% onh ¢ ROFALBcEBon BRi Ehe screw
comzzemdnatemmbrmyst emne (eradunstiove) o0f zbhe Secenrdl mbgkle 48,
théqaééré@ 425“%0%@&%5‘&9%%&#%513};@ Z%angﬂéigﬂ? g:]uoae%c%nulate a

i ved n the second no
Shoﬁoz@ﬁ emgbardeli on Wherer$wtei olenat matemisil dwd: been conveyed

;nt@@ﬂ&%@&ﬂl@l&@i%asz%Ctgzon M LRof %%aeég}gtair Yig %l’lj ected

: (rjrﬁ'le(:tl 0] i nterface of the machine no
mt&u efitls 2PhFBEEHIENE SPEYE ARRATAULS 51 To oarq:compllsh

thﬂéwelﬁjécsftlamﬂ hOhgrd&eclqri@ £ittha oL A %@&@aﬁtdﬁﬂre 36 forces

i nt erfac the se end i 5 confi ure to
SCEEY u%étlgn % a- TGHp Se K€ar o ig‘nn%% yerF'Eé’QCts the

mat@riede §zcwondthwl dchaﬂmﬁlaﬁoforzcmmneét |mrtcof thel tmold through
no M A9 Wéllfeé]lgu\rffgﬁ{rg ﬁ@n?zg v@ﬁ%%erﬁa %l%tﬁprfre?rﬁ floxf’lng back

appar at us i nc a plura erma

intceghparsls, 43 ¥pdded thﬁorﬁ}'ﬂt% 46 uesaﬂ%nw usosed forward.

Hedtlals tmraaél .‘plra@ﬁd A Fordy | OnBl Wealddly 0% &H@r E’i%lzzle 48 (see
zZon theI gth of the sprue

FIG00 83%% @osl 30‘931%%5?at@s SiieSJfl”cﬁdtheroceSS:mg
tenmetr;aﬂsn'eofarid)qﬂiyg:&dalt eeiatall eclgOnhe DHin®f mavsding.

material w thin enconpassed nelt duct portions. The

sprue apparatus, may be an assenbly of conponents with
Theg sponet ismPaystiveenofmtihny p@&pen@nt:’snv@mltidmer 1sangxemplified

w:.’dﬂl%ﬂé};bﬂ@é/ Eob%h%h%n%d Xnér‘?[g u The sprue
enabl e a_substantially | Jk ree connect| on be wee

aPPEFE trgchPhe PEQYTEeas aanEOPﬁ@cﬁ:&@ﬁJerbe§V§?ém of mehlet duct of

mackdeenchdmd ik hed fo26thd h@nﬁ@ﬂﬁ@@hl Q&lltmlelr fate 4% @hner system
the machi ne @ézle 48

(a0 rof et SEEOBE L)) PROF ci- StgiPtip apparatus 51

is configured to be received. in the second mold half 26 and
includes a nozzle connection interface 94 at a first end

configured to form a junction with a complementary connection
interfece of the machine nozzle 48. A melt duct 89 extends
th:;ough the sprue apparatus 51 from the first end to a second
end. A mold connection interface 93 at the second end is
-configured to form a junctien with a complementary connection
interface on the second mold half 26 for connection of melt
duct 89 with ‘the mold runner system. The sprue apparatus 51
further includes a plurality of thermal regulators, dispos‘ed
along the sprue apparatus 51, that thermally regulate a

plurality of thermal zones that segment the length of the sprue
9 .
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extension '92. The junction between the nozzle
connection interface 94 and the connection interface

wa 208074382 machi ne nozzl e 48 includes a snal | PQEPAR08/000303
whi ch nmol ding material is allowed to seep and

app@khdi:ky sto meal tﬁ@epG§Bos@3 dss Id&&fﬁlze@f thm: @réghggt control
Ther mal ulation naintains the tenperat

] i, on
ot ?‘Ogﬁénﬁuﬁ}?ttle&ﬁaﬂ'el"@\%bt% SRR HRE YOI FEL bf GRS Dortions. The
sprokdi agparatesi arhayWH)é‘ldtéfmz S AMPBAEN§ ht&lﬁniﬁcﬁ{éﬁ’cs with a
t a and_and_coptract without 1osing .
N e e N .
be nsherpally2&eghiefedalsiuch tawe tscprenea]abqaaaatsubsﬁ:ahtlie&ly leak-
pr h e n
fré@n.@:'bh%‘:é%tq_o% l?@cwé)éﬁ‘_rhﬂg %éﬂqlhgeugﬂg\%%fézé@ nd, ghe runner

I sol at1 ng_ coup 3 sprue i'nc
SY%F@“nBEzggecéﬁﬁ@Eﬂl Baldnhatfadé-94 at its first end,

a first isolating coupler connection interface 72 in
Th DL OXI n{_j % to,the ozzl e connection interface 94. .
erhe URE  BEEKtarRs 4hr Rfgh thee e RsHarplee 48 is

prévided hbyf br doneddudinal secoixbernsE A §?Eﬂﬂdr1cal spigot tip
at

ng, coupl comnection interface 74, he
eXé%Igéoﬁg g9a§ The"%?l r s?u%ﬁ% Q8 PTEVSSE atiiiy E’cﬂﬁﬂleer connection
intenbecei Ot i adr ffhcescInantidnd dn¢ecdisfdegud @d difo £l¢ Mmachine

no#z 3880 hynehi-anaust by compl £ngY ali £l %%&5%9&3 material is

spree bushing caonnection |n aces
allreedded §RePhanfssPraifady &m;ﬂ@rl Sdhe WP sebatengypical of

a solpberjadetsosontherned I:@gﬁ@a@‘ion' ﬁéihtaihfs' %Hey temperature
£1e elvedlnthesl%on g%ltd , and further
€ coMFT gut B T nt "i"jcc% erﬁﬁjtngduc&mg@: ofcf h&hgs molding
mais@rml busIrWthgh 5his t hrirhe gemener, st;&séeap@ﬁet Reoreoiitk 51 can

e connects W@ﬁtr%@@ Iwrilc,ll%ltdb %8@5.’8% sea pref er%g?%gs with the

HO%I%n%@r@!@uthease@m@dtmlﬁahayf appl | ed car ri age
force actlng through the first end of the sprue
Shl nf% through to the second nold half 26 whereby
FFREBst AT alSRIGHR | GPRICATE s s hicsgpEEss & sprue

bus}shh@t aad fmmedowm2ﬁ0%1?7$3|83;a|€@£bo°€&§§| : i@QO%@? The sprue
arri age.force artjcul ar ol ati,ng co

bud g R Ay oA 1S TRECFFELPRernd o SRRt ot it

fitpshemd, 52 fivhét elacbl@wﬂng cosplemtonngcpoohi QAterface 72 in

Préégfrﬁfﬁg“' ?Seg EOHQLEEQ' %@Inne'g?i%ﬁﬁrl ﬁ%ég% tl,ﬁg% @glt duct

coup UI‘t er assists In at|
83 a%X*F % Bireoegh t Bee prRiFat | pyshing he? nrﬁ:comohlas filat end to a

seé&&ﬂm@rﬁdt he sesshd Péoli‘@1n§pé@@pﬁ@?%@ﬁﬂéc@lohhE.Q.Hglﬂface 74,

provi si_on o nore thernmal regul ator
at gzl%fe 5FPPBRer 3 - rgtlﬁrsé oF e heS TR Jf?’(ﬂleatéﬂlg coupler

conm@ctpﬂ.cmalmmgeﬁaddfterml and 74 are configured to form a

. Jjunction with complementary first and second sprue bushing

connection interfaces 76 and 78 provided on the isolating
coupler 53. The isolating coupler 53 is configured to be at

| least partially received in the second mold half 26, and is

further configured to interconnect the melt duct 89 of the
sprue bushing 52 with the runner system of the second mold half
26. The isolating coupler 53 preferably connects with the sprue
bushing 52 in such a way as to distribute a longitudinally
applied carriage force, acting through the first end of the
sprue bushing 52, through to the second mold half 26 whereby a

substantial portion of the sprue bushing 52 is isolated from
10



zones. 0 Preferably, the isolating coupler 53 is an
assenbly that conprises a front housing 54 connected

W@ 200a/078383 i Ng i nsert 56. The front housi ng 54P€T/C82003/000303
into the second nold half 26, with 5 the cooling

thd nsextr Shgdel ﬂoraepostchld O@)ﬁ&ﬁtﬂcﬁﬂl&tﬁ NY 430k g 559(51h§1er 53
extend t.hro retaining rin an
lon]gjtoc@lhraelal&’édcﬁ %éfai'?g s e#gf‘"ﬁ Es TR HFRGUG 2 bus %lng 52
whnmqrﬂliQWmnglsbbaremglnmngl@Dﬁilonwunm@sﬂmﬁdmednD@mgltudlnal
movlén‘%rftpn ‘f]ﬁe ainFQtlﬁ ngoéé?. QOIfgl.sft%%r ue, :thhES ngrgz%h%Sthemal

hi'n the Tsolafing cou V\henever
regé‘@-l‘?éé‘- t OBf agndgerpEten®ned Plﬁ tt'ﬁ’?e‘,e spruealbtghiofy B&rmal zones
‘c:ha'%r 65&_}1@&'1'&/ thbe 16heRth QEJS&HIQ s,_éfu@r Q)éfbg?c%t%ﬁ ot A MBlyough the

qndul t, prOV|d|n% t he function

Pror"ég‘iﬁoé’to? PRF REaFOrs EhRymet |6ﬁ-‘9@éﬁ)\;@éﬁq fheraigif ear lower a
ten@@.mm:ﬁhﬂml dfhallie 26nant# hogec il emne 0b1SPEVELy of thermal

yshing 52, thereby controlling the tenperature at

€ junction between the second isolating coupler
connection interface 74 and the second sprue bushing .

on er;| n i tysto.the_second e

P ot e By PLBEER 5 2 sk e CRe PRy  that
compiiss jaurdfatatsn hQMF@rl'éJ r54 r@rt:recﬂmsﬂnyo r@gebating insert 56.

provides for the formation of a seal of solidified

nol di | terial revi ousl xpl ai ned, The coolin
Tg Tt S BOUFEhE p o B t RBEPY B HPUTAG FRLANGRLS 6, with
ther egubhimy. iGeeiitngss uhelae :‘mtfjoeﬁ)gﬁleﬁt qafsy 7ngcaﬂ¥h'§g*1€1ng 84.
S Vi ui refera 0
Bolt&lé hif] ]s(e%' ﬁ(? gz tex en% Iéilgg].lg]&p I%/gng .'bpg 58 and

t0 COo |ng I nser 0 ena
intohehypakedubnliag 326 &9 widtlairhbespoue bukhinex@aiwiethin the

lsotl%.rtei'r)gaf &Sﬁ%leg Her maly e@k‘i‘;éﬂ@g% Og.ﬁ{oe}:g 3%5;'5 al®QS retaining

c and 96d, are

ringcgy Dr2Be3Fs0FIIS dPeshieg abéd e B t hBel drigiladdine| coupler

whewe‘v@mftﬁ@rﬂﬁabﬂéhﬂﬂg Pdes Nt abe éﬂ@ﬁ@@mﬁeﬁteﬂﬁ%‘}ﬁ the sprue
bu%@ lﬁg ntain thermal contact. The heaters can
erec 2v'ely controlled to adjust the tenperature of
the' nolding material, as needed. Heater 96d nay

hi
ProBLBIDY "ond SLERIL LIS 0000 AR PO AR, Soncutc
Proyishngy @%rd‘iﬂﬂfé‘s’-cﬁl sidrt & Hetmabndoeyibntat h, for heat

con@lﬁh‘é:ttlrd:gf ef)@'tﬁreié:alf aghet [&%’d@'d r%%%%?l%e Iln%ﬁ@.t Wellle h%%_t e%nd the
an ing material w port

Secgé%‘. 4 St éal%ma%gtr?e?:nunt&ﬁr@wm%%mbhwg the
temperature at the Jjunction between the second isolating
coupler connection interface 74 and the second sprue bushing
connection interface 78 in proximity to the second end of the

front housing. Preferably, the junction is a spigot junci:ion

20

wherein the thermally regulation provides for the formation of
a seal of solidified molding material as previously explained.

The cooling insert 56 also provides the function of a thermal
regulator. Cooling tube 66 with connector 70, having a bush:.ng
168, provide cooling flu:Ld preferably oil, to cooling insert
56 to enab;Le selective cooling of the sprue bushing 52, as will
be more fully explained hereinafter.

Thermal regulators, such as heaters 96a, 96b, 96c and 96d, are
11
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.0 the location of the heaters can be changed. Al so,

the major portion of the sprue bushing 52 could be of
w@2@inTH3es di aneter throughout its I ength so tker/Cakdo3/000303

the heaters woul d-have the sane inner circunference.

also Tms&ae@aumeﬁlg lacat edngh eng:ihhe 'aga%t 'bf’fsgéﬁgebushmg 52,
rovi de tenperature feed

. ushi ng
anc?h@rtehe?}fﬁﬂ Cgo*ﬁ@s ert%lreat apdadtaigi@iconthermel @esttact. The

hesthamn) cahabe C@@lé@tﬁvéhﬂﬁ@htr@@lbd”ﬁ@ abjakt! east tamperature

S e thet er mal ulators, 10_A pl at nlocatlng
of t%% %Bgcoogepggg§l®lt’h FIGEat i nléeqig d mgy surround a.
naqxnwedqmorheaseoﬁnépmubdHwﬂhings521cxﬂmetheabugﬁaﬁﬁtexample,

| 1t n n
et B bR AELLEN, U Loddul o PIORETHEL IS 10 shorter
heébtm f£engpctien mﬂiﬂm h@ad etozammneacaeccatsd: biahelahalLZresponse,
betyed9| haat88. %eéﬁ&nﬂhgo%oﬁlﬁlge m§te§r§]§13Wﬂ§un melt duct

51 of a preferred diment 1s sh
oo AT o (PR BhE AR RO bRt Bhat FEBA TRBRSFNgfohearers and
thentbdd6$oﬁndﬁxﬁﬁ§ Beate#80 cald O NghaAYEENY IO LY, the major
]%1 r&)ga% e%ds 95 .of .heat e%% 96b, .96c a 96d. and
P hoRbuplss SPBS LERHE et FREOHghSeftaryetinglpafiancter
thxnnghﬂutflbﬁtHamgﬁhmﬁﬁ4that|mhilwhslhgaﬁérEOWﬁmﬂdfnhve the
sand'S8ider 1 %%P&né dsert 56 includes a slot 104. for
recei vi ng tll:] ectrical |eads for the heater 96a.and
a second slot 106 (see 15 FIG 7) for receiving the

The:xemcrmié@eao@étédeah%n |e®1@@ti SBRn 98¢ 9%&86%5111:1@; 52

{_‘hl n_housi ng&%ed% heati ng el enent
prwjtq’ﬁ n-COBFT AU fis ch'n ¥ePripddihenttharmd i sones, to
at Fl@as3, boer beateoltkenefist arshcﬁﬁ:)l | ltredy alceththy 1WAY thermal

o R DTRagy PR TATbo toua0at ey ERPRTEh FRE PRS-

nunmber . and | ocati on of the heater elenents can be

A piad Bsodesid edigy B6 Aeseratds ﬁfﬁﬁ*ﬁgémt Escggag ring 84
of heater used is entirely I ona 8
to vﬁ"?%’i&onrégﬁr FECOER, Tahd o@?@rﬁﬁ nafi & d}om’@qtstalmgnment with

the noifdddien ivdietd Em 65 i fdnNEr WA "BYofd $Hekhe art.
include thin or thick filmheaters. As described
her ei nbefore, sprue bushing 52 fits inside the
Nozwdat | ndP el Bensstaoteds hel dbairtkiln arghcdhetI®erbi hebolets  60.

PR NG T m0 Sa e O e 0 BYEECHER ng

insert 56 by bolts 130. Locating ring 84 abuts

"Reﬁﬂﬁﬂfﬁ? P Ut dler1d0830f +8@O0ldi NG d NeRIdrafiah 1 55 4 ?referred

to, m)l backlng plate 64 (seé FIG 2A) by bol
is own as” an exploded wview of component parts.

Front hous1ng 54 includes an access slot 100 allowing routing
of electrical’ leads 95 of heaters 96b, 96c and 964 and
thermocouples. Bolts 68 extend through enlarged collar 102 of
front housing 54 to join housing 54 to cooling insert 56.
Cooling insert 56 includes a slot 104. for receiving the
electrical leads for the heater 96a and a second slot 106 (see
FIG. 7) for receiving the cooling lines 66.

Heater elements 96b, 96c and 96d fit within housing 54 while

' heating element 96a fits within cooling insert 56. In the

embodiment shown in FIG. 3, four heater elements are

illustrated by way of example only, and it will therefore be
12 ' ‘
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second nold half 26 may include an insulative plate
110 (of FIG 2A) between backing plate 64 and

WO omanissgd ring 84 to .5 provide thermal i sol atP@ONCA2003/000303
bet ween stationary platen 16 and second nold half 26.

appFciosd HIous] ﬂge%ﬁﬁeish&‘f@ 18c£'79£8nd@§‘fathe' Hegl:g’rselements
4A, 4B, %ci: 4D_ and As shown t herein, he front
I

carth iR PR %e%ewe Oht? BEFPRER Y hat Fvgther, ‘the type of

hezttonf | gisrert] ]E'L@ Eenwcenyﬁdopﬂlm@lsecazw drmaﬂ haldluwde without
tion of t ont . hous at e acent a
resgelgon ehd provi 8@£l§aﬁﬁf35 (?dn:?]rFeecsﬁ% Y e?’?‘(g{}%t@’ée' inducto-
reSJcﬂt:e\r@uram@ mayebitetheonimciida whih dhethéckndiiml Heaters.
hal f 26. Bore 90 extends through the front housing
fromthe first end to > 5 the second end. The bore 90
As pigfryébed pgerreinkefeorandispyus bupbingt %) Edhgt Hrofide the

heéthﬁlgsmell%n@iﬁ:@ Ngn82 pet weary t e thi kst ananqoéﬁr‘é’élg the front
i SOl ag#gg C E eﬁ connection interface 72 and

houging a’%ga 8O HEhdNFEE ke S EWndett t1HRE %Jpﬁucﬂég rlng 58 that

is byebipgdSZtcnthet beollsﬂlgatiﬂw,e:ﬁtousBerbyBSb@wMIf de®.an Locating
| nsyl) a alr spag r pr romt

=9 8 Y Ps CobaPAE  REOHIPE AT 2 SRk GHAcERTOFE (R and is

bolrtﬁdltr@ Imldlelm@tiwcblm’ee n@@o(}spée FE@ldszms byTbelberez The

sec%hé U{namar Ha&cé uﬁigsgr%tyﬁ af;@f'e;a&a eggaﬁvgfg&'a@ Y110 (of

he secon ront housi

FICb-r ox%Ades ehEeen e I i9KF uR1BEShi Bd (?é?ﬁeéppéﬁlng ring 84 to
prdﬁt@f&;@:@rn%& f esonaeeion NBethBerd SONPLEABRPTAYlaten 16 and

sec coupl er connection interface of the
Se%oﬁ? %iéﬂ?%{g%% An outward taper inmmediately 1
adj acent the second end extends the nelt duct 89, the

u ayin tj.on al for i on
Th& f%‘\@ﬁ? Bgﬂsﬁngl éél 94 %Ié%nﬂ'%l J_r? m8£:e dle rigxlﬁf %nﬁ:%ds 4A, 4B,
4C,I a%lérandl\c‘ifﬁnne?hs 1&1740‘@1 ﬂh%r¢mert}@¢ ﬁlabntlboumnbelncludes an

tféloné Pﬁa'éé Nghat¢ RIOVALES; i
> s 13 WO 2004/ 078383%‘ /cmoo%/éogﬂc%%c%wéﬁgl j he second

molc% |8r§ ‘wi £h PRECHRAL ?E dElE J5©mHnd hypsEing 54 located
adﬁpﬁﬁtur&s s&&8nian émfnjpmw:l@éb Vat fhoad aidrgmafmrdomterface 93

fol A PERECt P5° TG0 PROFRAE: “B5T Slfu TRroAd APLd half 26.
Boig W0 dedt e gratlerowglh @hs Cornesponding firdgeth20figee end to
thd! &Fgﬁdo%n@po' "f‘}g ' Bkt 9':_06 %ﬁovf%é’g ' ge p%cq{?‘eq: sujfroundlng’ a

cou bet ween t e housing cool i'n

su%tars*oﬁ hépREtR1®G e*éléﬁfvépbélet Puding éau@am@en the first

andO8SEREd SHebPat0Rb BOubNEe! odbectd JH G20 PB ang 74. a
illustrate anot her, enbodi of the front housin

CLAREARG S, PR e ehboiRRERPCKROUSSRY R4 e s bushing 52 and

the isolating coupler 53 provides an insulative airspace for
the sprue bushing from the relatively cold second mold half 26
and space for the routing of heater and thermocouple leads 95.
The bore 90 further includes a cylindrical surface in proximity
to the second end of the front housing 54 that provides the
second sprue bushing connection interface 78 for receiving the
complementary second isolating coupler connection interface.of
the sprue bushing 52. An outward taper immediately adjacent the
second end extends the melt duct 89, the outward taper having a
function of allowing formation of a plug of molding material,
as will be explained later. A channel 114 in the interior wall

of the front housing 54 provides a space for the wiring clamps
13
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substantially uni form annul ar cylinder 184 through a
maj or portion of its length with the end adjacent the
worlod/0238Df reduced di aneter so as to fit w tPCTICA2003/000303

second nold hal f 26. Cut .5 outs 182 are provided on

' ﬁs&ﬁcrh.@' C@D&juﬁ@@lé‘r@n%ﬁhcy&hé‘d%e&@érsto BLOVi 9§c and 96d.

access to-hbolt holes 186 ,to enable hou5|ng 154
rpegtiurandlif (e CORIFRAGCHAReM: the At ol igharals cicmeel provide

mez&y u&fohtJSbh:@@e&Z.fyOfoEi@ltéth.ﬁgnﬁlﬁ@uﬂ%ng I54 \nﬁ.t‘-}PC%E%@ect to
a first_en e _sprue i,ng i s_a.recess

cofifhat I ThoiE: 6P oM e ot | SUrPack BT HRfcite Tate with a

coqneﬂpqnﬁnng nmdgbemﬂﬂNWEﬂeoEIGnt@nfamm 8401Ahg§o insert 56 to

pr&xil?llctfé e@l gngrl‘i engﬁ ﬁpr’&?e 952 §4S| g.lnd cooling

|ndr|c I'Tst |so coup
insesthed6i-ng |B@b’¢fé@316752 éﬂ-@wd@@e@;ﬁeanb@ht@r 6% for coupling

hodgﬁﬁgngﬂ f é&gﬂ{ﬁ Noe= 86 # shoul der 138 on an inside

face of the cyllndrlcal flange 86 provides a mating
surface for cooling insert 56. A heat choke 124 is

FId.oe nBd asnd GEOOVE1aBLiheei l’t&‘ldiﬂlexf aeabollifl-ar0eoB86.the front

The hea hoke 124 pr vi des ree _of _.thermal \
hoqsﬁﬁ%uléﬁﬁbetmee theqﬁﬁ?tl8ﬁb8$9?ﬁ5t3pnﬁ??ﬁkﬂﬁng B4 1is a
sulggdnt icdhhac tundifidrmt henoodkbikngeyhseder 561 avd ttlheaugh a major

: t
pod S 008 e o reppll AR CHDERNT o LUTRERKL" GO Mg 26 of
rediiftd - anRERt 5. aNere @d%twg@mt%ﬁa@l@n@thMhh@hé 26. Cut-

outsPriE2 busdi pgob2abaoBnt Bechd32ilde Yr etk 42 BLE 0BG inder 184

co S ARttt S B g S B0

atﬁd&h@ﬁameténecﬂo¢1mngnﬂmsé&mt589 to match the nozzle
melt duct to the sprue bushing nelt duct. The nelt
- duct may also include a stepped transition 170
FI%het fesnowsndilte nebrug0 hysitinen IhdofarF Isiu v@r dhy more detail.

LodadaNdi Ng st 3Rer8d HOHtLEN iy £l Y
A 078980 B e o00s 50530 T actirhed 52, ey g ecessed

cy lgmdeaslr fosushi ng-32. IMReLst §B§§écet r‘éﬁsﬁhkﬁh 1P@'0Vlde5 a
nodzlnet tOMSectenr iapplifadel YLCIAEL PLEESHER, alO tHeBrst end

a plu nsi stent length_fr on ection_cycle
Phfe %’ Iﬁ%l% St'fe 8@9&5&6??agxp§hﬁpﬁ§ t 8fer efhe first
lSGﬁﬂﬁlHﬂMﬂO&b*ﬁMtw@nnéﬂkhﬂguiﬂﬁ&;ﬁ&@@ST% pﬂoﬁh&ed on an outer

14%5%% and ff%q%acggscaar w9% &h e Ag{ Mse face of

i nni ng i njecton cyc
thegpr} 4369?30ff1¢$}$%t$@rplﬁﬂ‘é%@€€ﬁea m*elmu surfaceofor cooling

infdects @ p UdeDi cﬁu&@é‘siﬁile{ﬁ SR Rery §sobPE o the inside
¥prgp(r£(f%l Si ZI ng.qh Erue cat cher (not shown

faqeeo Rl §%hal B2anFRARE coati RRidRS of t@%ree of

themadi NDs @ppatahudbetwaBar tst@iftion of the sprue bushing 52

in contact with the cooling insert 56 and the remainder of the

sprue bushing 52, thereby reducing' conduction heat transfer

from the melt duct 89 to the cooling insert 56.

Melt duct 89 extends through the sprue bushing 52 from the
first end to a second end, and may include a inwardly
contracting tapered portion adjacent the bore 87 that gradually
r.educes. the diameter of the melt duct 89 to match the nozzle
melt duct to the sprue bushing melt duct. The melt duct may
also include a stepped transition 170 between a main melt

portion and ‘an outwardly expanding tapered portion immediately
. " 14



to optimze the nelt flowin support of a stable

nmol ding process. Located at the second end of the
wGeproye7d3sshi ng 52 is an 5 extended circul ar sSpCTOA2003/000303

ring portion 88 with an outer surface that provides

adjdeersecend iss@odd NEnd ol athe 05RO | Bﬂshﬂhggf%]e THé- stepped

e TherérocouEJ]ﬁ go g EOI nts, such as 122a, 12

T I ot 1 oEHPEHL BPEng AKET GRS imieQhieR pressure, to
shérushanglsg afd qurmdistesnt ebpegehufecheedacknjdction cycle to
thép%{éré‘d C Gzﬂqtl%m a%%geguéﬁ?f%%y bee}%rg)r réqp fet(%pgred melt duct

expl ai ned herein
- PorjekFpectide Ghshher t Assdsdisi ng-n nsBre fxﬁrma@tlon and ready

I
LTI L 5, 180 g 3, 188 S
|

| Vhghi h88r CRPldcaddamn| ef thﬁé@@ﬁlé’ﬂotprmhmet@e ability
to hepecofat bEugooki BY corsdldtentP RGRIBN o &fnithe the appropriate
t.her nogcoupl_e_nount int 128 is _best shown in FlIG
2508 O PPty o ofite ShOT 103 ASuGieddRs mold half
26 sirdbvietie ccﬁnﬂ:h;mxaiml@mgof n’sleétm@mrmtgsapb&:(ﬁj&tuﬁakunner system
a t 0 ongi t udi na
to A6pEImiR Eﬁ@ ler{le_é 7 f(lrb% %.Iijl V\@{;ﬁporgg %ﬁ Iannglj:yc@&ree molding

ori ented channe 0 ext énds ough
PrqQ4eE»ol ing insert' 56 and provides a space for screw
clanps (not shown) that retain heater 96a around

'cgﬁ{%f bushkgg 52 in a manner well understood in the
Lo shdFEORhe FHY AfewtdP cBBYRAg Prsling562 is an

exttetrfded a%mcﬁdﬂg]@%@@trrmggSﬁo&ﬁQohetB@' RiNCh rdMdo@Ber surface
e rough retaining,ring

thagg o Jl(%hér fetgloeeds %cocfré% ﬁ%%i?thln%o%?lﬁ ST n%%??e%gl?% interface

74 ré&lmmmmaamm BN ¢ heua exent22at ol:F:lZ]E:SanaBlzzc, are

loc?éi’fiacﬁ aibgyshaul q.%nqs&gsofnt éﬁé)&{ e 1RGEn oL %urs s $d provide

86 of sprue bushin engages
EempRy S dh %ﬁ?%kf%e%ec%é@w@a’tmﬂe 2pneforaredvitl be more

fulllie aoldifgd neafdikteds WO 2004/ 078383
PCT/ CA2003/ 000303 and is held by retaining ring 58.

The surface of the inside dianeter of cylindrical
FIthore 9% provenbsrddd berspespive \kiléi\hldslg ebenefdd Bhg insert

t | t
56 ok shormpSrplle’ BPSRE. BnlE iiihn  885thuMs e base o
sloghoild tafe %l@a\n’f‘@/ﬂt ofi ool | Hee | sisdewabb Qihalthé acesling insert
acéééﬁl%lé‘%%ﬁ“sl&@l i§66§te%ﬁ%ngg%%r %lfgrl:}t?%qoct;éo g insert.

in front housin see into

Plgsments £ ﬁ%%ﬁ%ﬂqm%e rwretheacewtﬂezsrves dpest shown in
FId.ron.housandldryi tudidfChyedrdded 0 A | 194l N§BLbugh  the

s:.dBeral-E.heo%hQ: ledecr:ooilng( S:Ler?seFlltG péA :1_%fs fe[loenc':;trzl.cal access to
heater 96a (not shown). Longltudlnally oriented channel 114b
extends through an inner bore in cooling insert 56 and provides
a space for screw clamps (not shown) that retain heater 96a
around sprue bushing 52 in a manner well understood in the art.

FIG. 8 shows the end view of cooling insert 56 that faces
locating ring 84 and retaining fing 58. Bolts 130 (see FIG. 3)
extend through retaining ring 58 into threaded holes 136 in
cooling insert 56 to retain sprue bushing 52. With reference
to FIGS. 2B and 6, the shoulder 138 on an inner face of flange
86 of sprue bushing 52 (see FIG. 6) engages surface 140 on an

inner face of recessed bore 91 formed in the cooling insert 56,
15
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housi ng 54 receives ring portion 120 of cooling insert

56 to ensure close coupling of the cooling insert 56
w@ea4/078383 ng 54. The remmi ning slots 172 are PCI/aB2h03/000303

during creation of a cooling channel and contain

and! Ugsnbasclise-ofdik coohhnggchanprl as fa@ew'cjﬂ the inside
becone apparent, from the_ subse uent descrlptlon

diafgpter o oé§¥¥kﬁ§q%ﬁﬁﬂ RSy t@§q&&§qsngtbﬁsefﬁr56 sprue '
budtaileen a&mﬂe&hﬁoﬁi&Cih@éﬁEabéneS’610 fll& i @é@@%@mén the = first
copl i chann circulates coolin

isqYaR e FOrehat SPEFTEER O B P RES cFRiRe | Ber t

56. The thernocouple nount point 128 is |ocated -

dj g%% n f n,
FI(?l ?‘ vgé hﬁaés%)r?%e %gﬁc%ﬁgcggﬁ(ﬂﬁg '15_.?%8 § faces front
hOQ&ﬂﬁQﬂi&tneﬁo%ﬁst%$se¥ﬁ¢m¢ ¢%r@mgh|%h@t$ollﬁelprﬁp9nt housing

54 Op§éélt 28 .08t kg 'iﬁ&?ttﬁf‘egﬁég' 890R50G8%S 8P c%é)i#?& insert
'ﬁ% ed later. An )5 aperture 174 receives a

Fte 3ptemAst @ﬁﬁ%ﬁeéhoﬁﬁ%%ga5%%rﬂé%péﬁ&ﬁﬁ§ment with
cocamtg uiﬁtséﬁ?t t?mom)rhenbﬁp{]m@%smp?h@t%ﬁtpx@lssv;@\e of front
a n n 0] e sprue us e Q0
nokistly {58 e i BN 2 2 o oChaf heL iyt 56 to
ensune atblcesar cangénegt ot theocloolgrnghamedrs: {56 di@ housing 54.
Thd Wtdith 1415 & 1006 1"75‘%:9&%6&9?&n&\?fln%5?ﬁ5$§ioﬁ°8£ 89:001ing

hanne on two separa

'Chfé‘é?ﬁf’ec@’é@ BPREaLn] @&mg@hdmeq:l%ﬁn@éﬁort@e cagidme| ghannel as

wi ¥ beddfe A48t af Lors NENE ERbi b éﬁﬁtaeﬁéhﬁtféﬁh' n
FIG 13 and channels 35 150 and 152 are shown. in the

sectional viewin FIG 12. Vertical ‘channel
FIGE.onﬂlectmsalE@roééésediS:BonalBO,\rlhﬁﬁ aﬂdtlﬁ‘l cooling insert 56

cekh, “RIRRR Chnl SRR Hesgato o MRS R R e g 7e - ©
Th@nGOQhanﬁelaélamr@h rtigraoaiess edophlnge fllﬁcMD preferably oil,
tha Ozﬁés%dooqgfr@zﬂgso’é:p@og@?’ f@ﬁéo %%n%%ﬁ%rle %.mt point

cool ing tube 66 i's connected to vertic
12%oh?]e%?%@ti?%advépﬁﬂéa[th@h&mrf@&’ﬁweﬁ?ﬁ; hgween the cooling

:Ln§é3_rft[1€53€|5 %i&zcgroi]_ﬁfl@@n@{lsl'lﬁiﬂg ool sak ft@%%thr?ggﬁhe temperature
ne 0, verti.ca nel . connect or
at Vé: ScaPOtREnni? cciﬁfnt@ﬁao]r %@2 ghSarP}F%%ejéod?pﬁﬁat't‘an of the
inpdaniet EUldie oodcrs f leaws wiirlougle deaprdbet50lt@er. 2An
Lcak~gh conngc 60 Ical ha

p%gﬁﬁﬁétg?ﬁ 5?f%£sgtﬁgﬁgébl%% #% C gﬁ%%l %26thﬁF engages
Wl%%o@aﬁPrTﬁﬁ@W§dﬂﬁ9b@ﬂ?kﬁ%wmeFHQWGShewvérFMCapﬂnﬁubm$hlng 52
to cagaﬁgéorallg%?&ntv%fleﬁé % @'b&élﬁl’?ﬁ 82 13&h th 14
.ocarri the coolant to annel 152 he cool ant ¢ coo-ing
103§ hrough channel 152 to verti cal

FIGs. 11, 12 and 13 show a partiéularly suitable afrangement of

cooling channels for the cooling insert 56. The cooling insert

56 has cooling channels located on two separate planes that are
connected by vertical channel connectors. - Channels 144, 146
and 148 are shown in the sectional view in FIG. 13 and channels
150 and 152 are shown in the sectional view in FIG. 12.
Vertical channel connectors 154, 156, 158, 160, 162 and 164
interconnect the channels 144, 146 and 148 to channels 150 and
152 and cooling tubes 66. ' '

The cooling tubes and channels are interconnected in the
16 '
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channel connector 156. Vertical' channel connector 156
carries the coolant to channel 148. The cool ant fl ows

wo booeor3szhannel 148 to vertical channel connkCT/OA2aD3400303
fromwhere it is transported through the other

folClCtﬁhrﬂ_:g aieeB6. bfe t EbS1 MG NEEbe - éestbg @@ﬁhéeaea‘il Hbdvertical

) | dinal |y threygh and 2
Rl PRREE B (164 -cool TR THE: (CBBHEL preARRetras , 164 is

corglddimadnio arithreiébcidde cooblamgt of lohe thebugh thagnél 144 to
d %gheg oysi Ng B4 Th e
regé%iat or 01 IIlIE ‘]EE?P éﬁ Ysert:!.(ga ce;héng ®Connector 162

he 1so I nNg COU
caryies népp‘lémﬁ i Bel Lﬂidtamletlub@lﬁaF collhef o¢0©1ant|I diliong athrough
chddndd Mher @ d hediiWar eflahnied db%&ﬁ%%%abmi%ot he  vertical

nozzl e connection__interface. Anoth er alternative
chapngh SRREHPR WPApCarspESedheasoPlaftte tRoShannel 146. The

codIaRte cili s iﬂﬁ:ﬁflig’il@ ech@insl I T4b at b NgeBt { b1 dch8BndN€connector -

h t I d | ud [ k
asde s tanc dLacluge pe ot LA el cotone <

chagirreu| 13 ng Thélmm@ﬂam ﬁlqﬁhsjria]hrdwglmfchanﬁelonsz to vertical
cha&ﬂ‘[@’fcct_ E?][‘ E_ggnsf %rer%qléaq. %‘T}an[}{e V'c(,j e tor Ja%% carries
[ nve

present I'S not Speci
ther PO R AP ngh@h@eiieﬁféér at tIIrh@ igpalent h’félm through channel

148 eHH atx%rt:.da@l Foghd e Dettinsbdsr st aodi ng gf, thfere it is
i nvent i oﬁ{l] l}r ﬁreferred operatjon of the injection

CrAHIRA FHE (RFRPE P2 L 1R CCuBS, 66~ apar Bhtis manner,
thélcm:lin@efﬂiaidr | HliedhsM 1dn@ttdtng Bly r ehebegde 38 t&round ‘the

1:& 2A opgra a.thi xot.ro rocess
Cl)%:&%fere@aczenesﬁ?ﬁm Q‘Foyboﬂg‘ Hgscrlrngé&ﬂ%here?nb%? rgrovide very
e f fiigt iy mﬁelelfaﬂeqt&\ifeedcmm%hotfeeme t bpoding32 msleette 56 and -
at’datcﬂéd rﬁc&&g%?g %y 40. Screw 40 shears 10 the

Nt

ding materi a barrel 42 while it is also
heat ed 17 WO 2004/078383 PCT/ CA2003/ 000303 to

Theachrtwé@maun tf aseopf tdH xotmepi clg@igtm of coupler could

t-nme a th tropi g st
1R IR PAREE 4o tubuiet DRl LB el watipne fluid
whetd ot:ltehetﬁ]tmhanl abt.dn :Lsora“ﬂs&bmi epjdi,va Olbllséynozzle connection

ed t er| I
lrléjrregislﬁéepnedA;J;g‘f“hte h|Xa>C<io e%g{palctcl s% arpgg% %gt é?? By §pp disposed
abqite, tl'rr@ziz@@ale4soan@0bapnelm¢@af@¢et Heotheatergl@®Bmg a £luid.:

T]:?@}?th@ﬁﬁa 1 aB@g%@;@t%% tc.Qﬁ.llcS‘S P{ €1 R4S h gn gloﬁ.%.ovw‘fé‘cket digposed

ficient material has been conveye Into
ab%%u%?aﬂpéﬁlfoﬁ@wct%r+%%r$%¢%efp§ a?plmqvel@tam a fluid

ortﬁepiﬁﬁ:‘@.WJ.lt§7 i veingomaar chditvyddel SEr BWaEr @i Tdr 3ould be
ct _a shot of material ,into th

pr?%%%hngﬁgppﬁgsent invention is not El ]t:d 24;’0 2a§ specific

means for regulating the temperature in the thermal regulator.

For the better understanding of the invention, the preferred
operation of the injection molding unit and, in particular, the
sprue apparatus 51 will be described with particular referénce
to FIG. 1 & 2A operating a thixotropic molding process for a
magnesium alloy. ‘

As described hereinbefore, molding material is fed through feed
throat 132 where it is received by screw 40. Screw 40 shears

the molding mater:Lal in the barrel 42 wh:Lle it is also heated
17
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apparatus 51. Upon injection a small plug at the end
of the sprue bushing 52 is driven into a nold plug

W@ 2108/028383 not shown) in a manner that is wel|PCT/CA2003/000303
understood by those skilled in the art of injection

to NBtHiage, The PlHE v@se fOF mﬁﬁl‘i@"th:@)gn@ F?f[cﬂ\éilt%@; oP ItLJtht -metal
| oc e in.

ection,cycle by permtting
]rﬂe‘} 7 dcthT 5?‘"0?%& S53%5 | porrtpfl xpgrgallcdlwwl is fed
padji odie heheuakt va)lv@r@&nhnﬂ:@rthhé egteasubitihe MRide 82 as
Jmd Li;age ce gaunferacts the .
sepcgtlééaﬂlL E%%’rc%g!bte r{élg%ltt% OHCENS nj BetFon Makprial  is
mairHer gbgd n&hnﬁaltﬂﬁgmhe‘omce(ﬂtatre noy zhea#Brin 44a iseatleel nozzle:
48 C&E@%&f?@l%ﬁhaﬁaetﬁ@r USaRRPA" 3fdds @%TOU ilc;'e and 96d on the

embodi nents, the carriage _force act’s
Sp%rﬁ"ﬁ% h%gzﬁé 48R oS WEELFHAN BT n@ﬁra@éaaumﬂqdow conveyed

intngheaidtednRakwaen ZorsdoghdercLiri | £of8caRd applied and
cooling insert .56, apd theg hrough cool i ng .i nsert

EhegSEGSP oht KEdeiTRy 5279REdi % F iye haptt 36 to
inRet Teoi shatraﬁgmaberlamhates talepmrdJJcbnzm,f Zmetls:@dsmt_fﬁh a sprue

rtio f| ed
PE 7 45 ang)(EJ €00 ggl@%%grtta TPﬂe g:amﬁj%ggnd of the
SpHuR d@asmg Hed i edr:srem elniS@r@em@Ll@ hph@g 5@atahenpyeot shown)

in AR Y Midhi i the PAEadPs 88y b}?d gééu f:.llfad J,I.]ﬁ the art

tra smttedlntothe bushln 52 wou relieve

of beé@cl §8F1at%1q§6iq i ORRBT RJH‘LQ sPrie Tudrchgdspingn @ previous

injdetedm ltrceyc I@\A@{ Ppdrehict t Mek yrisd GREBE TOOSEEHCEH OPhMi fbit duct
assgﬁla

[ n ther, respgn
Ne&haract et i B r ?ﬂogigs #ngﬁo ltr%'f(yﬁeagaf z%e:lt%c%f the duct to
preappil ehcther apprdsy oef, el melt)fmaisepmli cul ar
significance at the high operating' tenperatures
typical for_ the thixotropic nolding of 'magnesi um The
The s BfarRiee ottt oghe ciepreaties force that result

fréelitddatian Mg ﬂﬂ@téﬂ)}#_rﬁiﬁﬁfaﬂﬁst%”ﬂ 180PESnTRbz21e 48 in

t he e eﬁl ar [ ocess %r esent invention 1S

a §&6el9 PEH FE61ePe ¥R rﬁhﬁ)e.s giie 18PRErabvd/ 098383 In the
emb ST/ A0 3/ €106 303 ricard |1g:m=caé | O thihGudth UERE | h¥cBine nozzle

t r nal th uired_in support, of -
48 al t%e?%a e procesgés@% Fgll 112 erf%?nra‘f aliidg between  a
shdwldaiest annlz.’gEe%e@mdwg:Q@lmg Snz¢+t| 66at ethcatthde through
codiinsd Endeof %@etéprSnepﬂgﬁ%EEﬁ% Zala rc?%.tntog he dsecond mold

enconp asses the nozzl e connection interface
halrﬁeu? duct ThASr (3 GBS e IEOABEES! Lt e PO tillom n@ﬁzwa,ne sprue

busteiald rwzz%iéents tHheidm®d i on r ot Bh &l BOWBEALRbPzBe 48 and
esi red se g}g hfe%%ﬁtg{ure af the, nozzle_ connection

COG T e, 5 %n ? HPTURIT oIS bet ieeRneREOTe, since
SpISpE ububhshgndj252camdmblve nMeecterel 1y edthan ezl Bore 90, any
pressure transmitted into the bushing 52 would be relieved. The
force isolated portion of the sprue bushing 52 can therefore
have a relatively slender construction with associated
_improvements in thermal response characteristics without
regard to the effects of applied carriage force, and is of
particular significance at the high operating temperatures
typical for the thixotropic molding of magnesium.

The sprue apparatus 51 of FIG. 2B includes the delimitation of
the plurality of thermal zones for the exemplary process. The

present invention is mnot limited to specific number or
’ 18
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48, while sinmultaneously 'maintaining the nolding

material wthin the nelt duct portion 89a at any
wa@le®inesispr ocessi ng tenperature in support of PETIEA2003/000303

nol di ng process. In particular, the thermnal

cof£gghastopnofot hehéplpg@iraltﬂtqileﬁ thadr o NsohBbe Ll'§1at may be
reJﬂ%nCt' on between, th shi ng 52 and the machi ne

b
3578 28 SPEBBFFeg%t ﬁg g?ﬂ@ PeRPECEEEEE -at t he

connection interface 94 be maintained | ow enough at

mad PpROLhdLEY A ARLA0 JUA A1 08ls HTaSEPR LULOing zome,

nctl orma sea
zl acé@ﬁ‘éltﬁéih Qmethﬁelfm!tstr and of ohhee@pmmppxaraﬂtmmeﬂ that

ené‘é&ﬁﬁé@ség seal h‘@)&zz_t%n%on%%ctﬂ%neql%ééﬁdéélén §%’ ngﬂﬁt Eoﬂlelt duct

8W is_ established between an adj acen
P%E%‘Pﬁlné Gc ot | BPTRRFa R, 1o they §7é12TZ]t€he$¢m1113/g “zome 71 is

theegal By ed <oy 1aherdad o rlﬁ@ﬂﬂl@é_@lﬁ ah@éﬁﬁe@GQeéﬂgng&Eemperature
a the thermal _regul ator of cooli rt 56.

at SBfel PRa e SR S i P B EeRPn ek 9y henge the junction

be’ﬁ@eelst EhsbysgrunllmmndleSzpane‘l hﬂ@l:ﬂ@cl‘i&e Wihhed8tion nozzle
e e 6 n_the rst

48, axfz ff@ s:.x@t&ljz.éaﬂgoﬁg )na?ﬁE chet d f“ﬁéLdr]rB‘?zl g\aterlal ,

Iso ating coupler conne tio
Wl*éléqcmec*{haanmieﬂnter@a@é mefhlpnatw@atat f bow olegimad i pyocessing

teﬁtﬁ@fﬁ’&ﬁ@ea%a‘-‘sﬂgf oAb £ | Qﬁénguﬂgﬂ i %roééss p§1§t1cular,

gggeren iall rected_into the t duct portlon
EhSnGRERP L3 FT B 4 ?ﬁet#@zzf’r%lq%cﬂuaﬁt#@n that forms the
Jumpeef en ebétabby dheespfdetbubhengcsgl aﬁa itAgChbchlneTR®zz1e 48

ettt SEck it uiee o [pe el T 0 0T
mammllmGE@néGWb?n@ughelartoltax aoMidify eaper b ldéngendbaekal that
may I Qé%pt Eﬁﬁgo%ﬁ%ogﬁc%%%dd%ér%ﬂg% : Pgrxgoé?_%ﬁé_zl.g |I‘r131erefo:1.e,

cool i'ng. | nsert and in nourting por nt
£o 1 #ecaPr hieSBushe nEherBamgeregulapsopr serudseyentst ionstie nozzle

sed heng! LtE@héI y ©f, t het Mdquaanes-1 Jo Cl e, Gongi t 'h@'étng flow is

ocated al ong entral rtion of the
es%%?ﬁjes%%%ar%%‘%e%& &t a #HU@ sONshAg9z openditioning
zozd, 14 wherteseail £ he:Hmdndﬂrigf rr&te@u]ﬁitéﬂt byn thermal regulator

04/ 078383
he%ﬁo%g%%%/ 85%3 boratr?cgntgﬁb FRSHER At of FEH oy ©f cooling
ingritred- pr@&&ﬁ&@bb‘rﬁi’@@@r@f thes guportitofitheheat flow 4s
asdD: NI QReRS:aiRer Pk é?%{i atldu%ﬁn tg‘f gé%ﬂea{gheat choke

ovided by thermal re r/ heaters
(190 pELEd 61 FSsaiEERk gtfheorﬁldf%e?%l:@labm@ FASPAPFegonnection

intérfaeat apdi nthe 5nd22be( G id) - idBerphdEalddch Ofhat heat
F100c R e Ao Mo Poabbed VAREE BOPCE bhoBHAgngone. 22, is
preferenppphlat dsrédtehaints tllg aneht duodi pbenidg 89Beand heat
£1&# from the nozzle junction is preferentially directed to the
cooling insert 56. The cooling insert 56 includes a flow
circuit for circulating a flow of coolant that is temperature

conditioned by a thermolator with ‘temperature feedback from
thermocouples embedded in mounting point 128 in cooling insert
56, and in mounting point 122c¢c in the sprue bushing flange 86.

As previously mentioned, the plurality of thermal zones
includes conditioning zone, Z2, located along a central portion
of the sprue apparatus 51 adjacent the nozzle sealing zone, Z1,

wherein the molding material within the encompassed melt duct
19 ‘
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.0 wherein the nolding material wthin the enconpassed

melt duct portion 89c is again nmaintained at a
wa@le®inesispr ocessi ng tenperature in support of PETIEA2003/000303

nmol di ng process. As previously nentioned, the shorter

poftepdn ceprudlsl Gk ipaidind oyt dad deysitdee ﬁﬁ&é’é§£ilng temperature
nd| amete]r: pgrt on, F‘E’E’; vides for a re%atlve y fast
in (REPRRFC Pdspdhse 1Pfe RROH5F5t uT 2o HHR sFﬁ&ﬁ’tla&flon in the
zonmel.mm’\mgiecﬁmb}ﬁrtlaérml hi:eagubehtoxwhéaper*sl 08a39d6by and 96c
r oAl t eat ack.froma
bagclf| O eSTRHCR! REONCR) Theatibo it e AEHAT (At poine
12%% GS% Fothe §last t her mal response conmpensat es for
the frequent tenperature variations in o an adjacent
h g zone, Z4. The plurality, of _thermal zones al so
The BLHA LiLvewrd i BherBRé, zones | bRaledeat anrthergongnditioning
zorend @B, t Hoapate ampﬁgatwe Stedheed tdiearsondF obbg‘Qlon of the

somi cPprRtefus alcOMACCAR nirisaRet RridbRiBet THeRe, 22,

whqne@pnayebmomdengtm@ﬂ&x&gﬂ wrth@rEBe @hﬂﬁﬁphsxbd melt duct
of@cﬁ{' oo durd ngaodg'{ﬂo %:[IY%S of ga][rg di Jr.]:ged processing

proctess cycle an e nee
tenpayRiEal lﬁel&um‘f— o@f t‘hﬁe Qe ireds piregelsat i gxe opreviously

AdHOEHE] | BHeZ ¥HO P BYLEE¢ ARt RAUSL LN
I;:éllbé)%vd be vveee t he adj acent sprueu bushi n%condl ?)I otr\{l'l%(éd by the

el PR | PFRGHISS edt %y @herﬁﬁﬁtlvely fast
themepail at@s;pdsmaé efsr9Gie ft@ﬁ@eﬁ:ﬁ%u&léerdmﬂugiﬁ%ﬂtﬁtﬁf/ thle molding
rgnt., housj n t her ma
ma‘%:%ﬁl It g‘gf?l#'ﬁfron%mﬁou %Hﬁt ﬁ)&r%&&q vel{};ed BY" thermal
remdrﬂi?@/llmtemt %%ghi apedvi des @dﬁmc]corﬁ:hmﬁi an phthmocouple
indeiveen 39 fhgﬁnEA?o QeS8 %éld (@é% pftl}f %? an%ﬂ@ﬁast thermal
te Ive may

sprue bushin r nat zone
lewft%ﬁerqmﬂ%ﬁw Fed the %lfe%é%*f P‘ﬁﬁ@-t\}rﬁevﬁ@i@tlons in

an 4] aedri ngydedes | Adne ANt fray be  assisted by yet
anot her thermal regulator. 10 The plurality of thermal

zones may al so include a - second 20 WO 2004/078383
ThéP@L 20Dy 00FE30hemesl | Agnzenel(Fwt indbudiest Batcycling zone,
in t ] n_bhet he_second
24 (EPEROER! BT, i | RSN RRY M i BT abreratus 51, for
th%e@@ﬁ‘@*@ﬁﬂ-@@ bisrnayiennmekt ﬁonlombmede gBlQa nof solidified

moﬁfﬁ%rﬂléﬁ/ef%ltﬁ@ éﬁceﬂéo ?ngfedt be1kr effcr HQUSING: S$og.  The

resent 5 enbodi nen second segilng zone 1's _
pl%‘o%‘ﬂ@ie § NUEGE ity PER¥SNE4. thheopuReEs oRfi ol dmgoraterial

duafimet vaﬁiogbfatlniﬁeﬁmgmblﬁya reguiahgd phdrdise, cg@le and may
i di fication

nmol.di |
ObVlaaLES eep i RES: % 4 uﬁcﬂe&' Ilf@&%'b:mﬁi‘eg gff The thermal

regulatlon of the cycling zone is provided as a conduction heat
flow between the adjacent sprue bushing conditioning zomne, %3,
itself thermally regulated by thermal regulator heaters 964,
and the thermal regulator/thermal conduit of the front housing
54. The thermal conduit of the front housing is not actively
controlled, but again provides a heat conduction path between
the cooled second mold half 26 and the sprue bushing.
Alternatively, the cycling zone Z4 may be thermally regulated
to at least partially re-melt the molding material, and may be
assisted by yet another thermal regulator.

The plurality of thermal =zones may also include a . second
' 20
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seal . .0 Thus, what has been described is a novel
sprue apparatus that is useful in a 'nolding

W@pPPanzsss that requires thermal nmanagenent aPdI/CA2003/000303
.control of a plurality of distinct thermal zones. The

sealri\tﬁjltzcﬁﬂa h@sotbe@{bv&o)urmmrinwmfat@gewé yheetidbn between
ect | as rm%neSI um

chd, bEGnAS iR (g SohpTEE, soPotetaty B TSR e 4 and the

, sedamilgprpatémmhimgnmmmnecendnaunuanﬁacah%&usse¢mox1m1ty to

b i b t
nUBSAE MREDEe TERLPOETEY, DhglSIRLIge, 10h, (B8 present
embmhmem vtma$e@@m%oﬁ@ﬁlsn§h@meu rerolﬁmbeﬂdetsi in cycling zone

.74 desl‘rgé"atj%c@ior@ QGKS al NshAgoRt t 3&H@@1@hamtﬁ9§ arg athermally

| -known in the injection nol arts d thelr
re %ﬂ%ﬁﬁ?@c dEnstFBet i B HRMSS %ﬁ%?ﬂ?%ﬂ%?qunp any molding

matgdtidakhbe g opeept iieftor thestjuﬁwteicfrgr tharepyNForming a
E@gt the invention. Wile the present invention. has

S ‘en described with respect to what is presently
considered to bé the preferred enbodinents,. 30 it is

‘I‘ht{..,@? bxghé!Qdﬁéét B tgiae‘nse 29 %éd]‘_vf%‘téoﬂokéln%oxld{‘ 455t 8us that

scl osed he contra
is i yeefebn L8 iint @edédngo eERATarNS oudiafodi Feeairens thermal

martdbifsi VRNt coaki-angegents iduGiaedwi tJH - nd&%%l%‘é(&pethermal

e el S e Jogpe ot Uhe Ty o

1njéﬁﬁﬂmg6ﬁéﬁalﬂafﬁby§$ dgiclensopagseal imsb&fed alloys, when in
L C equi val ent structures and functi ons.
thézmcq{‘/ﬁ%% %ﬁ%%t%ml CA2003/ 000303 WHAT |'S CLAI MED
IS: 1) A sprue apparatus' (51) configured to be
a1Y eﬁ‘?eSvegn&nfér@QPﬂ' @)%temp%{o%dfﬁe:{@aﬁ) 4104 &P@DSQééngd'i‘scussed

machi ne nozzl e
abq%néﬁesmr@%f llflﬁ@r%rai:ﬁa ?Yapfﬁ%ﬁ%sf%@cweptq h@‘le “Detailed

DeSOF LSt 8PP ad At tise (Pde £ S0FRE | BPEdimenez2zl € connection
interface. (94) at a first end of the sprue apparatus
(51) configured to, in use, forma junction with a

The odpldd we diualy c@mmembsl ishtcent ate @mt]t:lma machidesignated by

bl?ﬁ%ougﬁ£4§£e &héﬁﬁnﬂfaﬁa 4? ?% g%éffd@no%P in the

the sprue apparatus st en
injerkicecowdddmd . 2ahd. aamldt nprecﬂmﬁlfh@erqcmﬁetqmlon and

opdtatiensgeand fNLOf+ih81 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,
it is to be understood that the invention is not limited to the
disclosed embodiments. To the contrary, the invention is
intended to cover various modifications and equivalent
arrangements included within the scope of the appended claims.
The scope of the following clalms is to be accorded the
broadest 1nterpretatlon " =0 as _to encompass all such

modifications and equivalent structures and functions.
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sprue apparatus (51) configured to, in use, forma
junction with a conplenentary connection interface on

wao 200tkes38dl di ng apparatus (26) for connecti on PET/OBRA03/000303

duct (89) with the nold runner system and a

Wﬂml l;-_rsalcﬂmmn tdey mal regul ators di sposed al ong t he

1) §ER e e U ATtebr o BEr kR Rared i, molding

2)

dgrrseETetR6 X kot ea::gnme@ttmmea spelie duppa&&@ usofs5a)molding .
aﬂikgﬁ?e R4 di Wlilﬁl 142 @Ppgygeaﬁeofoe%%o%mg

I'ng materi a melt duct

-agnaraBppal 2 s %@)S@@%r%@?@rﬁua éﬂ# 1CWﬁEFéﬁhn§E

2% lzﬁﬁzsztl : 1d@rt%rﬁ|{eé@&rplitﬁ@éﬁﬂa/c@f(g@m@%lé gitber&pdl ¥£ the
regul ated sealing zone, in u iding a :
subst RIS quaéa%% dS1)c ST Fhet gwt%e' form a
machi Aenkezsre widd) aard:dmtﬁi@mmitchm cappeetatars {(2fgrface on
30 3) he s%rahtulexz1 appar af | Us; 4 1) q{:a:ordl ng to claim2

wher eith< 1§ a5t one sedl ing zone enconpasses the .

j tnatelon dusttneedO t hzhapeeki ered s ozt eughigfhangprine apparatus
SPrue @ARaAl « t(@)f @t B S SRR At disa ( Sda

accor |ng to ereln th 35 junction between
treemmkchlq@m%@(wst;e%@ hé‘?%br% thppaparnd (ﬂaii)of the

Its al %@:ﬁﬂéfh a@ﬁ @%)Trt%rﬁﬂtaﬁg&@cpn%?tm @@@prmﬂg a
O Clalm erejl e a eas one seal I n
e coma o thhet TR Oh ¢ S T Joh Literface on

appar athes nfdBYirsnchddeeramisdi (ip )apﬁ:mlr atasnéStijon 2@f Welt duct

2004/ 07C 8§J PCY‘;I'/ %QIQOB_{&)%Q&% - Ay ?T SpLy/g apparatus

(51) ac I'Ng to clam e junction between
t e el bpyaeht teex®a) veguiabonrs| difgosagparangsthe sprue

(26) iz Sepi@ed jgnction. 7) The sprue appar at us
according to claim 2 wherejn the at ast

7 OFRCEREDNPAS skReTHal | tRgE+ohohet heeh @Bﬁp@n@reld% aiaL&Fy of
the spie-apaieiss (1) . sdoind hehs pragBippat atie sprue

(51) accordln t aim2 further rising.a_sp
bushi ff g%@ Wi tThi W T sdr %?Y:h 13%0%%?%?1%§§) Egr%perature
such tctm’tt:@olsm&tmﬁdmg prrteéniabfwibeispthe mplshdngt (89).

(52) is isolated fromcarriage force acting through

t he machi ne nozzle .(48). 5 9) The sprue _apparatus (51)
Fbeordrng epPakatues (Rhér ePROLAdNg to claim 1 whereid at

least one of the plurality of zones is a thermally regulated
gealing zone, in use, providing a substantially leak-free

" connection between the machine nozzle (48) and the molding

3)

4)

5)

apparatus (26).

The sprue apparatus (51) according to claim 2 wherein the at
least one sealing zone encompasses the junction between the

machine nozzle (48) and the sprue apparatus (51).
The sprue apparatus (51) according to claim 3 wherein the
junction between the machine nozzle (48) and the sprue

apparatus (51) is a spigot junction.

The sprue apparatus according to claim 2 wherein the at least

" one sealing zone encompasses the junction between the sprue

apparatus (51) and the molding apparatus (51).
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6)

7)

8)

9)

sprue bushing includes the nozzle connection interface
(94) at its first end, a first isolating coupler

W@ AeTE3sdN (7.2) interface in proximty to tPer/aazwbe3o3

connection interface o (94), the nelt duct (89)
extends t heret hrough fromthe first end to a second

'I% e ace%%);}%%%r{t%ét S(%'l?“ %gir#g{ge tS %‘herein the

econ

J@p@ﬂm@e{t&@)enam donye eriaiahue V\ﬁﬁelr)eu amCil h‘@he gnolding

ARy CRYPHY o 5 ddic! MRS @i rst and second
Sprue bushing connection interface (76 and 78) at a

_first and a second end respectively, nold connection

THY eidrake dprafus Heatond Nk lang 2 witdtellicthe at least

B B e SRR 0 L B s oot

dihechrolsthmuge appperattuss (&6)).. 11) The sprue appar at us
(51) according to claim 10 wherein a junction between
t he second isolating coupler connection interface
Thzt)stufuss e aaisgE np Y5 Hceaniling tecokrinp? uBugther

&ﬁ?h%rfgo%ﬂ%%f@ Bﬁﬂﬁ@c&s;{)@oﬁedx spl @i SOURE SR
(5 spigot junction. . 12)The rue apparatus
qcsagl%cb‘m R %raqi‘r i ﬁﬁb,mrétﬁﬂ H%g LR &E nghie sprue

wmoley (839) fdridelatodpitGescarfidgd fouse ngetbdy through

0 connected with a oling insert (56), the cooling
iR dHEy

41 078383 PCT/ CA2003/ 000303
providing the function of a thernal regul ator for

i d
ﬁ?éte% L¥I rsél‘rs@é(}ﬂgsof t'ﬁe spr ue (?%céf%%g)gl‘gh%giﬁ the
bﬁﬁhﬂnﬁLkpck%ﬁssa%@@w%n$@ﬂ¢cPQWQﬁﬁﬁaenmm@F@r ace (94)
A@elwopmgtg drixgerd fﬁ@étl.{@ém@ﬁn @@@gawﬁ gebanBetion (72)

(142) for C|rquaI|ng coalin . 14) The
SRR e et o e Lo S s e R el Sher face
coD) | nghe meslrt Qo) (92 ustelseads henemevihpbeghnfnomnthe first

s, o PEaLath hAC M A0 LOLEA 2L R ERRRSLUGRTE e
cprec thparnter{®lg Heébrat nghe osetand @4dwherein t he

.5 front housing (54) provides a thermal conduit for
heat conduction betmeen t he cool ed nol di ng appar at ys

0) Thre) =ifiee tHePasBliohd (ht BFCSpriRd b*a%hﬁr?a@u(nzs%)wbﬁfﬁftﬁ the
ﬂs@ﬂ&@mﬂg SeRd Ngr (Zsm)e ihBBudoer aBfi£onduhll peevhdi Bgrue
?hiﬁgcéééﬁééﬁléh in er%acéegyéatoa 78) at a first and a
second end respectively, mold connection interface (93) at
the sécond end, and a melt duct extension that interconnects
the melt duct (89) of the sprue bushing (52) with the. runner

system of the molding apparatus (26).

11) The sprue apparatus (51) according to claim 10 wherein a

junction between the second isolating coupler connection
interface (74) of sprue bushing (52) and the second sprue
bushing connection interface (78) of isoclating coupler (53)
is a spigot junction. '

12) The sprue apparatus (51) according to claim 10 wherein the

isolating coupler (53) further comprises a front housing (54)

connected with a cooling insert (56), the cooling insert (56)
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0 16) The sprue apparatus (51) according to claim 12
wherein the front housing (54) includes an bore (90)

wao bat/ogsssends t hrough the front housing (54) PCDOA2003/000303
first end to a second end and provi des a.pocket
pmmvmﬁmnbruhétﬂnnqnnﬂnknﬁ#aruheﬂmm@ Eegﬁﬂatmﬁtﬁwmlsﬁlectlve
c{%%rlt 'r%gtcﬂf al%?oéfl@tsnealtﬁﬁq & SPALES at the :(Lerst end

ween providing a at|ve alrspace for
ofprakee Snﬁﬂﬁrhyihxnng&ﬂh{he relatlvely col d hal f (26)
and space for - the routing of heater and thernocouple

| eads (95). 30 17)The sprue apparatus (51) accordin N
13) Bhe SRAYR RPRHSBIT § %rp 'f%r(t(%%?'m HE thesdip the

dadlﬂﬂﬁlxﬁﬁeﬁﬁn¢5ﬂma1ﬂb1uan@ratgbolrthehaﬁ@@nd(emm)ofor

the foront housi 5 at provides the second sprue
%%ﬁﬁ&ﬁ#%hé ﬁ?%ﬁ$ace 78, and an outward taper

|nned|ate t he second end that extends the nelt duct 35
89) r 0 ,
10) 9 )gp A URERIYE 09 AL EOL NN 19 GhpLn che
qnnkxnga1nﬁar¢s(56knwnqﬁn¢ﬁﬁt@ Peermeepyrle intReunt (128)

TR Y APPE S MSa 28 b eBr £l PRFLL OBt HEESOERS Oéééﬁﬂn% insert .
adj acent a secaqnd end that provides 24 WO 2004/07838

) GBHOWOBDIIERIHE AN connection interface (93).
19)The sprue apparatus (51) according to claim9
erein the ectlon inte

15) RO PR A NG (5L BT SBObp0 oo CEfablgls Snerein che
i@dmtuhm@sdn@ofi4x8@30%¢desfarSheemdlotondhetsépueheat

&?ﬁ éé%et@&éﬁ hens péé‘@lé‘cﬁ?pﬁ?ii&ﬁg( éﬁﬁa?&‘&&édkﬁg) t9nd the
aim1l 1 SO .

mhereln the first atlng cou

AR LSRG PRt TWFER LYFEING s (B byVHERIR. 59cﬁn§uFF§één9

éwhéhetw@t@ﬁeﬁﬁéqmﬁ&ﬁd@itapﬁabiaﬂﬁgcehefEaﬁge16§6bf & thermal
| oc ed at the first end of sprue bushing (52).

RTFHRLhr ue apparatus (51) according to claim 20
further .including a heat choke (124) formed as a

16)@580%8r83 éPé%gﬁ (%f%gr%SOQE%O 8eci§$%M%§2%EQ§eln the

appar C
fm¢mt u@n51@®9}54uerQludﬁ%I@neboaﬁ i(ARar gthat extends through

G@QtEEGﬁtnﬂouéﬂﬁée@54 Offbﬁnaa@hﬁﬁgnénﬁhﬁobargeégﬁh’eﬁd and
st epped tranS|t|on (170) _Zo beitween a

PEPY 8RS aRdo AR Bt %?Jawn@%aanahﬁgSP&%”@HSB&W. ghong &
Eapegiat €al hgosecondoendt of Lehetapr uBebuibbrgncES2bace

therebetween providing an insulative airspace for the sprue
bushing (52) from the relatively cold half (26) and space for
the routing of heater and thermocouple leads (95).

17) The sprue apparatus (51) according to claim 16 wherein the
bore (90) further includes a cylindrical surface in proximity
to the second end of the front housing (54) that provides the
second sprue bushing comnnection interface 78, and ah outward
taper immediate the second end that extends the melt duct
(89).

18) The sprue apparatus (51) according to claim 17 wherein the
front housing (54) includes an outer surface that is
conflgured to be received in the molding apparatus (26), a

portion thereof located adjacent a second end that provides
: 24
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23) The sprue apparatus (51) according to claim22
wherein sprue 25 bushing (52) further includes an

W@zxaoenh383 ci rcul ar spigot ring portion (88) arCT/C82003/000303
second end with an outer surface' that provides the

SR d salmtddigi eouplesr farme@3on  interface (74.)
30 24) The sprue apparatus '(51) according to claim23
wherein sprue bushing (52) includes heaters (96a,

19) m&b sr9fe ambattus oCsl e cedhng heo | ohginugli wherainsthe

L L0 B0 b Sy g s
St‘**@ﬁm vequlzrepsTet ﬁé@@mg%?)a@tmaéf-rst end of

e Fo-eonslidn ngszpne betmeen seal i ng zones. 25)The
sprué apparatus (51) according to claim 24 wherein the
sprue bushing (52) further includes thernocouples in

20) THeINSrud lddsarddzd W) lR2ejrdegt ed anamg Lpswhepgih the

h AO th h
R R R R e ot oS SusaryBsgact” (3 is providea
WRCH GA00EH0DB0Ehe t et ehed hathetendp £i ensyémdglphé flange

gﬁﬁptf§ f 46, SPEWE Hf@t” ald )sﬁPuétbh§ﬂ§%g0Q§2)

ontr er that contr ermal settings o
thermal regulators. 5 26) The sprue apparatus (51) '
21) @1@@%&@@ éﬁpﬁa@w@, 255Mea@¢@rabﬁg §§rtd§ab.hhshpn§uﬁ.’53)ar
an arro im it .
S (asehathetenbt 40t hBRER AE Bngigek®s fry g inside
ﬂ@édl@ﬂ fraegeal86) 0 27) A nethod of controlling the

tenperature along a sprue apparatus 51 that connects
the nelt duct of a machine nozzle (48) with the

22) Toanepregseepavitas mbb Hi ngcappdiaguso( 28pim Raciheregn melt
ﬂ@t3§§9§ el copf L QUIL8L: 2R ¥haki-hYyotohReLtRlE ngORESered

at segnent the 5 spree a9 aratus (51) along,its

P%@%‘Hﬂ %ﬁaaC%%hfFBarPﬂﬁeoﬁ% | FoFESPREAngFantition (170)
E@@M%@ﬁOé.SméQﬁh m@?ﬂl gf»ragohhanaﬁaﬁebaﬁ;waedlw abcplam&hg

subs the plurali t her
BRRPaERrBoBhE s PG abht FBFI BPEoTar SH Ging o TPERG bushing
452) a0 subset of the thermal regulators based upon

tenperature feedback fromtheir respective therma

zones in accordance wth a nol ding process. 28)The
23) Feehedroe epREFBEPENGSLhe2EERpEiacute Qledig 2phgesis sprue

Bﬁ9?£ﬁ§U¥5éﬁlfu§6ﬁeidhﬂ@lhae§|éh“é%%eﬂaédiﬁﬂkcular spigot
n n

élggupgrglon (88) at its second end with an outer surface’
that provides the second isolating coupler connection

interface (74.)

24) The sprue apparatus (51) according to claim 23 wherein sprue
bushing (52) includes heaters (96a, 96b, 96c and 96d) located
along the longitudinal axis of sprue bushing (52) and may be
selectively controlled, the heaters providing the function of
a thermal regulator for selective heating of at least one
conditioning zone between sealing zones.

25)The sprue apparatus (51) according to claim 24 wherein the
sprue bushing (52) further includes thermocouples in mounts
(122a, 122b and 122c) located along its length for housing

thermocouples that provide, in use, temperature feedback of
25
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step of configuring one of the plurality of thernal
zones as a nozzle sealing zone (Z1) that enconpasses
wW@2009m24383 connection interface (94) and a nel PCHUALR003/000303
portion (89a) at a first end of the sprue apparatus ‘
t(}ﬁel)the'iﬁna’zg)chmijrmitdm adforopnthe| 1émgth hef t Enpesprue ebushing
ng a spr C [

i e TRt g D Bt e BT b LR G A

SenqmngﬂLnﬁathet¢hﬁﬁmﬁlu¥Qﬁﬁkﬁ%@m% (51) in the nozzle

sealing zone (Z1) such that the 35 tenperature at the

nozzl e connection interface (94) d bel ow
26)3hﬁeﬁﬁﬂwerﬁfqﬁﬁ%ﬁu%ﬁ ﬁ%ﬁa%ﬁﬂ%ﬁ#@P$mﬁ%nBiﬁ |gherein the

tBﬁEﬁ&ﬁﬁdﬂSﬂﬁfEﬁqudébt£en@fiGWQ@ poteidal imi bhorimity

%Elbﬁe melt duc tjion y.desire C LN
Sers TS b et st (B8 BT CASD0Br oUBG0NCY in the
e dheg edtextiaf . control Ling the tenperature along a
sprue apparatus (51) according to claim 29, further
including the step of configuring at | east one of the

27) pIngthod yodHfcareravel ing oree LRMRCEIFATE i BHPRY 2 0RRTYEES2

i%g uéoﬁftﬁﬁa@dééﬁﬁéétéh€hé ﬁ@Z%'&ué@abEnQ #8B8Bine nozzle

ereln the nolding nateri al h og
n‘ﬁh%lée‘élh?reﬁ‘ma%tS%%F?‘i“o‘ﬁf(%%oé anggéypﬁgatus (26),
ﬂﬁénﬁ@iﬁgdth@tsa@ysdaﬁtred processi ng tenperature.

31) Th t hod of tyofl t-he t

1118 TG0 1 RO L1108 HHEchSTPotaLlr el oBicdon:. cn
|ncIudpngetaﬁpasaEpsoKSEbnaRQUG|mgsoheHGthvhend

| 4 i

F 85?%i§¥¥9%%e Séq§£dﬁgﬁgst?érﬂélC¥Ebhﬂgtéggef6% %egulat ng

OoCa econ e Sprue apparatus &8F
f or thbec@ﬁmp@raéureo%ﬁaﬁtoheaﬁtaa|6e§ﬁﬁfe8 theuglygality of

sol i difbeflzm0Lghag; mahgrial in an enconpassed melt 5

duct ortlona$8 % 32) The ;Eod o% contr.ol I|n% tEe E

t eAPRFAELRE FB amgﬁ?ugonﬁbﬁ St8s ?glafégaaﬁd kg€t &
Clalnsﬁbseuhefethethhesmsmeregpnamatusbeﬁﬁﬂ Cpopr iteeperature

a spr n 2 S Is aty :
coupl SESRB3 AEPT, FRSLF THSPEeA S FEoRrE At ey 1P
(54) aonnedaedewnhhaacm@ﬂ-dnggl BEOCESES6) , . t he
cooling insert (56) providing the function of a

thermal regul ator for selective coolln% of _.the nozzl e
8)§bg|mﬁehggn@f(zqyt+olllng the temperatuIe along a2 sprue

apparatus (51) according to claim 27, further including the
step of configuring one of the plurality of thermal zones as
a nozzle'sealing zone (Zl1l) that encompasses a nozzle

connection interface (924) and a melt duct portion (89a) at a

first end of the sprue apparatus (51).

29)The method of controlling the temperature along a sprue
apparatus (51) according to claim 28, further including the
step of regulating the temperature of the sprue apparatus
(51) in the nozzle sealing zone (Zl) such that the
Eemperature at the nozzle connection interface (94) is
maintained below the melting point of the molding material
while simultanéously maintaining the molding material within
the melt dﬁct portion (89a) at -any desired processing
temperature. ‘

26



33) The met hod of controlling the tenperature along a
sprue apparatus (51),according to claim 32, wherein
wGeproye7d3sshi ng  (52) includes heaters (96a, 96BCT/@A2003/000303

and 96d) |ocated along the I|ongitudinal axis of sprue
30) Tings Wt Qb DE santingl e Chee | tenpemd yuce mlold el spitke

Aggfgx%r@l@r@&ﬁla&émrid{l%l@mﬂﬁ 28, tf‘&fﬁﬁérrﬁ%'i@a%g the

ective heating q | east _one conditionin

UHel FH1BHTHELFEE HRE L chhe rBHlF%bl’t:fﬁeog thermal
ztcﬁmzaerafﬁ LB eccai@nglcmﬁm Usones S(ZPpratiatl ¥s) (ddansgoddi A€ent the
| ai m ? erei n%ﬂ)e |I§ol atin coug{éer (53% {2l withi
A ek e DU TR adhe ThibaChy (Riterial within
et veerrongees b | reell trodult h go@ppiasat (189X 26nd adgic) hes maintained

: Qﬁﬂd '9? (22) Lhin a second
Eéga I'ng zonégi é#%g?qi$ e cyé@kng zone (Z4), the

thermal conduit providing the 10 function of a
31) THRE BRI B A erAAing the temperature along a sprue

apparatus (51) according to claim 30, further including the
step of'configuring one of the plurality of thermal zones as
a cycling zone (Z4) located at the second end of the sprue
apparatus (51) for the controlled formation of a localized
plug of solidified molding material in an‘encompassed melt
duct portion (894).

32)The method of controlling the temperature along a sprue
apparatus (51) according to claim 31, wherein the sprue
apparatus (51) comprises a sprue bushing (52) housed within
an isolating céupler (53) that itself includes a front
housing (54) connected with a cooling insert (56),. the
cooling insert (56) providing the function of a thermal

regulator for selective cooling of the nozzle sealing zone
(%1) .

33)The method of controlling the temperature along a sprue
apparatus (51) according to claim 32, wherein sprue bushing
(52) includes heaters (96a, 96b, 96c and 26d) located along
the longitudinal axis of sprue bushing (52) and may be
selectively controlled, the heaters providing the function of ‘
a thermal regulator for selective heating of the least one
conditioning zone (Z2 and Z3).

34)The method of controlling the temperature along a sprue
apparatus (51) according to claim 33, wherein the isolating
coupler (53) provides a thermal conduit for heat conduction

. between the cooled molding apparatus (26) and the second end
of sprue bushing (52) within a second sealing zone contained

in the cycling zone (Z4), the thermal conduit providing the

function of a thermal regulator.
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