10

is

20

25

30

35

40

SPRUE APPARATUS TECHNI CAL FIELD This invention-~ -~
broadly relates to a sprue apparatus for use in 5 a
nol di ng apparatus. More specifically, the invention
relates to a sprue apparatus for use in an injection
nol di ng or die- casti R Is particularly,

but not exclusively, "ap i njection nolding

a netal material into avi t of a nold when the
material is in a thix D 10 BACKGROUND OF

THYE INeEGT NEETECeNC PR Yy BigdAtAEstd 0 sioiudi Agpapparatis aise in
amld:}mnmplamaths arMore FERecexasPl s, ©Re ?H@gn rUrJ txlee.l.%tes
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ofmez rbedaflen the KHBELIaBY:SE eM Of 2 Rl d E.grsi;a ecting
at least partially nolten nolding mat efi al 6 the
cavity of a nold. The at Ieast partlally rmlten
materi al , sonmet BABSCRY QF ENT20Nt ravel s from
Sorhe huehimes rozzhelditg a@pd!dﬁtusl; ogat ediw MHuHx Eﬁethe art.
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mogg _he % arreste ow 6
d sor ulen% Ff Ediaitdi FFoni & reaviper ciform ofiokde  diuet at
19—’??1% ﬁ‘é%p@@ev bushtery. ndtrerisdl,i didreednamt enil 8ba Mst Bl

tr&3fe e ntmead the th
® Ofth b @1 BUShHE H oy bﬁic%riet ?éé%z thili7fe'l?l the

sme&;ghqpl I Jrhe ol|d|f|e erla
i |ncregsg§s{§tent aoe %votf He prﬁfr"rf as fa CREELRYe dfonase is

¢ l(:craaitpl marEPFEed W%b?’d@smi’géﬁéﬁwh yeheagprue bushing for

seqliggt theaFpyné¢rtitoad beTheerheate mayhidb lbeza0MAEdhe sprue

bugitrize rduriher rak| Mopcan@(tﬁro%ggy t 8ot

catRenak! ¥r the hot 305 US, ?’ES theerr%a]lteaér Vil CHSFReRTe two.
within the duct of the §prd bushi ng through a single
heat zone. United States Patent’ 5,884,687 issued on

Colp@arghrlz@s;, 2899 e heated. Any arrested flow of molten
material in a cold sprue will 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 internally or externally to the sprue.
Generally, the hot sprue keeps the material molten within the
duct of the sprue bushing through a single heat Zone .

United States Patent 5,884,687 issued on March 23, 1899 to

Hotset teaches a hot sprue with a heated chamber for a die
1
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40 Hotset teaches a hot sprue with a heated chanber

for a die 1 AMENDED SHEET casting nmachine. A feed

sl eeve includes a central passage for receiving a

nmelt of material. A heater providing a single heat
Céftl&@uﬁarcﬂiﬂmds tthéwﬁsﬁfﬂanﬁge@trﬁj @-:fnttrgf Egggage for
rS n s 0 uid neta
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FFe T porhRRttata EoRbithat itdehwitdata sepertatre or
hegtangi flpeses channehe JThetsenpetat ur eraloOngs the SRS o

pro@nge haof:oﬁgﬁarﬁpr%pe@gg@@éSaiﬁnéjecr{l;é?%trh:‘ gl l e?ex?it‘e}? of the

formther
bu%%?‘lg% rFengt of thlgta g’e@a%\tzoélet enperature high
enough to ensure flow A separate mating di e includes
pc%*gapzsmamtw«»;gmhwm @l@mgéfllefn%ifé chaéél% é‘c'l%he]g a
£ thansitdnn ap nt r ed independent |
P he 6? tq:[freeze &E&A;rﬁi%glrl all%hl n t REPTT AT trgpeition

Chaﬂ%n}?}el FERCER Bt es Penths, 57 o1 Lepgteet orhe sprue

aDREFEH tED Pe2gentiel iede as38 s agsliqgne¢fafn therpaESEdle. The

mabewilt iion theaehesr& KGO dJeURRLT §hud Rat 4pr Qv

hid R ggn%@ Ll:::)l’}f Lpterface between rr%l ?9 2 E‘gﬂﬁ?ﬁx%%um
L conpanent an _i nj 1% dh porar 3 rﬂ%‘i?ﬁ’ignglea’rfb'ﬂr‘ﬁﬂes the

LELH G OR SPeBBEheSrEs e feoRo LRk espriE an Tiehermirsd tion
chayrsilcals copruel basks hindgpkotiettixotf apieCspBhdi ) Ofecd e the

mat@tialll 16 BB efdadsd 35, THE,SRIgot junction includes an
annul ar cylindrical portion of

United States Patent 6,357,511 issued on March 19, 2002 to the

~assignee of the present invention teaches a sbigﬁ“ﬁ“ 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 thixotropie molding of a metallic material.
The spigot junction includes an annular cylindrical portion of
a first component received in a cylindrical bore of a second
component. The fit of a spigot junction 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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a first conponent received in a cylindrical bore of-a
second conponent. The fit of a spigot junction is
characterized as having a close dianetric fit between
an outer surface of the annular cylindrical portion

c spondi er_sur.face 40 of
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nmol ding nmaterial seepage that forms in the small gap.

l 1 0 444 t o Boekel _ et
e oORED oL | RO 494 0028 (i cBPske! & shol at-
pgg}{%’i%gm @ptq@oqxhd{, iLA8L uddsser inesber moid t derurmlbushing

tgont Aokludmesaconibgr ed’ tHdieheal hdrod aRANEse RAEHRlreq -

tpéllt}_ldl%gl on 2002-059456 to Atsuki et al. describes a
machi ne nozzle for use with a nmetal nolding system 15

that includes a structure for controlling the
JIRANRRE oR2 BNt rudldcaptiap t BEPRTA394Her €oarBtaukiunber ai.

dedcqiibebl enpasvhide lbaawhe SpsearappRakatl HSnmthat md‘l%siﬁbt system
tl'ﬁeftpnirm%ﬁeghﬁr Rl EEQHL akdon &l&%ﬁl&ﬁ k:ﬁgg%oru?atlton of a

2 SRL e ushlng, w th onlyasmge her ma
caf’edh?o Wi ntai ning the conditions of the nolding
rmt erial flowng through the sprue bushing. For

Tlexanplre, awhbdbd:he £Siprgheemd hﬁrﬂmlmggﬂtgﬁuez%@garaws that
Lediic t h

"t é:r ?t&f% Gl'l r?% SE etgltre?ﬁéﬁalrﬁél?% %tn %ﬁon cetg‘ge etn%tg Rét the
SRR, SESPHPE t 8§ Fﬂd&i dBntHPot Re FREFTSL r 8RR adedigeded to
m"’}lu“ﬁéfLPb‘PH Feewetmdilit Py wél ttichamebligonponenitd, ASowing
thrpugbquiticedspiid BusBM@POt et bﬁ&mpieo eQ§H§etﬁe SJ.ngle

tHe%hb@blc%nggéi Qggé né&di@é dngto &' £§ rm ggt'u&ﬁ.&éf}]ﬁ of
grge of min |n% rm(t_)erl is o par

pPOEEEA g™ SYRPORF I ¥Y's h%dﬁi‘%%sermﬁeywlﬁnnot
pogsphpgorﬁg diindepewtmagdy dubetmmltiye pessidiid i the Of junction
beitapet ANCLLN G Ahhede DXbS@dRRALal gheYalfthuired with a
spQEJQEeSJ%lBgion to ensure a reliable seal against molding
material leakage. The leakage of molding material -is of
particular concern when processing light-alleoys, such as
magnesium in a thixomolding process, due to the possibility of
rapid and uncontrolled oxidation at elevated processing
temperatures. Further, it would be desirable to provide
localized temperature control along, the length of the sprue
apparatus to counter problems such as undesirable molding
temperature variances, control sprue plug formation, or provide
general processing flexibility. Another problem relates to the
susceptibility of known sprue apparatus to permanent
deformation due to longitudi-nally applied carriage force,
required for the purpose of maintaining a seal between the

machine nozzle and the sprue apparatus, especially when the
3
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tenperatures. Further, it would be desirable to

provide |ocalized tenperature control along, the

| ength of the sprue apparatus to counter problens

such as undesirabl e nolding 35 tenperature variances,

@Rk @bp&w&ﬁs AlsUgehREABY | AN, 1Rl h@{;ﬂvb}_ggrath% k8hperatuies
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ma rom ression.due to it

en gg»_ ¢ con‘g%}?%{?%rggl tl gﬁ%r CondPRERE T f plrﬁéess
i‘bcftﬂ’é‘téﬁﬁﬁr a8 rﬁﬁ&%dé@a §H8rtfoﬁ‘@afl%n%@t pdpction of
sipateh, phugs t ber ehormes istfeast leQgther rRé RrﬁS‘D@Bﬁcﬁhs in sprue

hsiaer hoat e e ARG | AL ek gt ion ana
mé:’rrft}lrt a%ﬁct .@cﬂ?uégélﬁgfzﬁcér problemrelates to undesirable
process fluctuations that result fromthe formation
and ej ection of speeyYPOrommfiNvAGERGE St ent | engt h,
1t he Maskahkeas: ik Su@{eU%rééerPé Ugs, H@XO,F A I %Utp%dnged a
|nade uat e thetrk%% Gl ation and t channél
SEESHT PEF AT Toh ﬂﬂE‘eﬂﬁV@f\ﬁ‘f N 1% " iffipgt machine
n%ﬁ;@ct’”&’f‘ F‘hé’“’h‘?‘é‘ée‘ﬁtsﬁ%éﬁt pomoidigre dnpaprove detha sprue
am@rspns el appatdpused had reonaesi e ifethe dh&ltdlﬁf_q Apparatus

ar®| ghdNGdBC i NG, POL Z 18 &y B rm%rfa‘?:)éSta%mg fBrst |, end
The sprue, apparatus is configured

l.di_ hg,appag at us.
CO%lBur%%cggv%dm ' Pt RESTSPR Bt ApDar HRICMER{TY nE PRt ion
intend39¢ e CBorHECt Maphing erdzrde . ata amelt siduehd that ‘extends
thgonfrhgthie dpivtief appatajusnetbwnend tehr-at C&[&Jlt%ﬁﬁngéécynd end,
an@.oanﬁ@id %rl%@chg&ﬁr{rﬁce%fggetw t%cgégonc{] %l bn?lguxl‘atd to

duct that exten
fo ction w1th a complementary connection interface on

the molding apparatus for comnection of the melt duct with the

“'mold runner system. The sprue apparatus further “includes a

plurality of thermal regulators, disposed along the sprue
apparatus, that themélly regulate a plurality of thermal zones
that segment the length of the sprue apparatus for the purpose
of localized temperature control of molding material within
encompassed melt duct portions. The sprue apparaﬁus may be an
assembly of components with a Jjunction between mating
components. 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.
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t hrough the sprue apparatus fromthe first end-to-a
second end, and a nold connection interface at the
second end configured to forma junction with a
conpl ementary connection interface on the nolding
apparatus for connection of the rrelttduc$ WltLhrthe 30
rml d runner system The sprue apparatus furthe
%clﬁ?&@?cﬁloﬁlu}%‘?‘?%ﬁ'f“:@f PRer bR r<egukat epearafivsposed be
ccmf(;,gglrpﬁetg pralegppar spisst thattiheramldeyct ogsl ate vRited
sfdugsabhtynefe ther @ah .zones that segnent the Iength of
t he sprue apparat us for the purpose of |ocalized
tenperature control of nolding material within 35
e Gpas sePert tofdude poestonsinvEheispr temppar atuvided a
meftmy)dbefan:onaSSEl’m{gy tHe Qﬁﬁﬁ@@&ﬂﬁﬁe V&}Idglga d Lgi)%leo%pparatus

tlﬁ!@:t %ﬁﬁe@@g 'tri& m@ gp&pcﬁpto% fr:‘lct: hlenre n %%éuncth the nner

such as

th at ed
5 5%%“& Z:ﬁm& F‘*gﬁﬁ ﬂpééreaﬁecw%umw sthps of: i)

copéFRAENGY Hlerahdty hvef rtiemeal systeamebht tdem@hk-dibA8 sprue -

apbkBaappandbis. ids ANEN&ED SHEFT: { ec&:@ﬂb@ﬁ&hfﬁ; dr more
CORf i ure to

R R MO SRR
“%ngeg @nngr%JSVtYSl‘if aupadngrRes: aspéciidf btherating
ongr @S“eﬁfprﬁnventx@metmaerf@n sirprong ded Beag®thoghidfet of the
theemniI otdduighidie tRRREr abaﬁ et%m&tarép%gsdﬁékﬁf fheir
rebBabe GANIEELS, | e TEl L Guct o a machy ne nozele Win
e runner  systemof ‘a nor ANy Epharattde! h{i‘?db"f‘?ﬁja
the steps of: i) 10 conflgurlng a plurality of thernal

Preberesblvhattheegriehbdt be ephitieol1apgakab UsebRG urkS along a
spkﬁé‘@}iﬁbar@'ﬁds' fﬁrm iGHEL & UL con!glgu¥1rrge goe of

tarsfo ulatin etenperatureln
thgegilu% e%lmﬂ a|ng§S of st RePRBFl & otreiingn@opei hat
en‘é‘ﬁi@?‘%ﬁsleﬁg N dﬁ‘?éffﬁpenﬁ#oézé@nplbaﬂldi%rl@nf dmtérfgémgand a melt
duteasirtdosubsed ffrsthendSot NefeMBbri® HALAESs PAGRI URODY.

tef®dRaLtUrR figRdback (Lr %QSHOﬂ r:?ﬁc'ipercftal %€ J.tsh maq%ltalned

I Ng I‘OCGS

be %’ng er Ia‘% acﬁ%ﬁgaggﬂ%& 2f°fcor‘f€‘reo| FPhgitthe Matinsdpat urbile
Slfﬁf]d%?@eausgb Rl rdppai g ushd mofliéng ineclerdes whechist €peohelt
duconfdrgibhngt oagy OdeAQekih@rphed filrigt Yoot/ B! HANESthoa

ma@S @ ReZz! elr?tﬁ%ld'engtﬁgnestte%at configuring one of the
plurality of thermal =zones as a conditioning =zone, located
adjacent the nozzle sealing zone, wherein the molding material
within an encompassed melt duct portion is maintained at any
desired processing temperature. The method may furt:her include
the step of configuring one of the plurality of thermal zones
as a cycling zone, located at the second end of the sprue
apparatus, for the controlled formation of a localized plug of
solidified molding material in an encompassed melt duct

portion.

An advantage of embodiments of the sprue apparatus of the
present invention is the thermal regulation and control of a

plurality of distinct thermal zones along a sprue apparatus for
5
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enconpasses a machi ne nozzl e connection interface and
a nelt duct portion at a first end of the, sprue

apparatus, wherein the tenperature at the nozzle
connection interface i s maintained beI ow the melting

n@@hﬂhlﬁng hehaMab8llh DEy MREEL Al \ay[q tﬁ? 15E[ %glchgggog%%glred

tgmf"? gag({]e nmol.di ng mat eri
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re@@leorfldrhﬁbf @bugal;l f%cﬂlér&erﬂl eﬁgtgxeﬁwz% %elf%ble sealing

Sondid I cated _ad] acent nozz
“seal | nléj%go% er ei ?f °t h&efbity ngABEE | &80 Whiet hinplding

a%?lal?rfd’&rrpassed mel t duct portion is maintained at any

desired processing tenperature. The nmethod may further
lurality

aaldideavhies fd
At &d BH@ §d &P fpeenfil :_E;I 5 §lie sl%ageat aa:tatpﬁeof the

I Ng Zone,

ones,
p‘géesc%‘r%"‘d ““’8“%% O hie fpﬂ}’é’a%éﬁpﬁf’ﬁf{@raﬂ:@mt eregomtts ahkedigh

ORGP ofeBPerrtweal rradipbdgraf Bk sahieit Adpad B&Ehéhﬂ& of
mapieenual | Hna@aeﬂﬁ@ms%l%lrgbggcgom 91 %kg ong?et fRrue

¥arhadg,of qf the sprue apparat us
aig%esent |ﬁ8eﬁtgrg§glst§a? 13 Her’ﬁ‘ﬁlla euf= Gwrangd carriage
¢6ittrol of a 40 pl urallty of distinct thermal zones

~along a sprue apparatus for 5 AVMENDED SHEET
duct

Anpmbat abhavagddee o0 babBg: [ﬁ@;@ A at_a
¥ r t}ngté t6 éﬁﬁ%%? Qf the

pr@@éhﬁeq_ veRERGS At yur &, an E%‘%J’F’:%J;%ofo% h@r (FAClivmesonmy that

nF ing rocess. “oThe g
“CRIFE8 D JerPAEiomIof raeglelléw@nnaﬁerspl gotug] UBGdH i BRS £1ow

cop@ro};nsuﬂ‘hﬁg cacl bhg abbee spal téhgfl%u(iﬁangﬁ&| Qé‘nt%l%%h such

thkbe ymachiine nezz a i, ar at us
e @gigbg (gmhgl rue apfi‘ar éi”lfé“SBFHFhé‘nd _

mi t mbodi men
ﬁgﬁe(%gntg 9?(?wen OR"Fe &"3tT abF‘elé’BHf PHOFeRS OrRTierénnatfrom

Fmet‘hlsd’r?t 10 operating tenperatures required for the
t hi xotropi c nol ding of magnesium 1In parti cuI ar,

Th¥ UL Aesable GRIEP t e_.apparat.us may be
wi b%@%ﬁ' a|15 I g%%g}éggg%‘?o g’é%% ul'ia Xa FT “’hleé‘r g@glding
ef a %nf‘ﬁ WIB‘P lt%@dsmhl@ys in a

s s§Rptehén pnesenect imrentdlding Ss¢dtempr AYkBLQEh it
w:Lb}f e eypdkr8fgoadndathahe concept is widely applicable in any
molding system in which a molding material is plastecized or at
ieast partially melted prior to delivery to a mold.

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 partially cut- ~away side diagrammatic view of a
moldlng system including a clamp unit and an injection unlt

that can support the present invention;

FIG. 20 is a more detailed cross-sectional view of a sprue

apparatus according to a preferred embodiment of the present
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controls the formation of a nplding materi al - pl~ug used
for flow control. The cycling zone is configured and
controlled such that the size of the injected plug is

of a consistent and 20 m ni mal size and hence there is
e

ink/@88 i Pk 0G8SRS 5 L af ] shot, to.shot,. Th ,
svispyent i wa§¥%£%?d %%ra]l {‘%gl???“énuﬁé‘r"ﬁgb B diinwseR molding
Yol di ng ‘th'metal alloys such as with
magnesi um based alloys in a 25 thixotropic state in
Fran :mj ectnebhad) diclg sy ugh. it wll.be
spygge({éﬁ%t}g‘gug hat_the con%%g%‘gdll ? ﬁggegg‘:%lp‘"ﬁlc IbFE 9 the
any ol ding SYEFEPn it drefersrdi frp rEabf iRIG. 23;
pl asteci zed or at least partially nelted prior to

FIdel3 vier ynt expl oladvi 30 BRIER DESCR 8T QY95 IHE

en ORI NGRop a2 s X RIDL ALY, QIDOALIEDL 5 of PR oFEayce of

ginvention will now be scr PhBECHR TG FPeHrent ¢ £t REC
acconpanying drawings in which: FIG 1 is a partially
cut-away side diagrammatic view of a 35 nolding system

FIG nclandbng 2 GhanBetiiidc@ngd an.i0i §§H Moyl }% %ﬁsgtn ?fg%) £ the

Jgg_n RPQL L. thepLesent invention;
P et g?’#ed crsos?ls%-ge%tﬁdnal view of a sprue apparatus

according to a preferred enbodi nent of the present 6

FIGAVENDED SHEGA viwents he EB6n6 MR iABPBEAHS FROWN
in-situ within the molding systemof FIG 1; FIG 2B
rFrd Safnether. nore detailed, cross-sectional view of the
5 sgr gge appar at vs aClardPage o ey gfetbe r Eprenbods ient
takgp gieng JAne #p@D BL §Ign €xXpl oded view illustrating
t he conponent parts of the sprue apparatus according
rrcloss ¢ of eibgdo eradiupat gfs RleG,,,2B;, 10 FIG s 4A and
4n 4B are perspective views o % Fr GRE RS Rgusfng e FIc.
‘Spree apparatus of FIG 3; FIG 4Cis an end view of

the front housing of FIG 4A;, 15 FIG 4D is a
FlGer pssissecbronmdctivdevie@Vs Ofant BE £ HQAM 1 SROUSLOG: L RKER
theab B6W: IHo8: 4P-ADpeE FA G 4C

FIG. 5B is a sectional view of the hdusing of FIG. 5Aa;

FIG. & is a cross-sectional view of a sprue bushing taken along
line -6 of FIG. 3;

FIG. 7 is a perspective view of the cooling insert of the sprue

apparatus of FIG. 3:

FIG. B 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;
7
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FIG 4E is a view of the other end of the front--- ---
housing of FIG 20 4A.; FIG 5A is a perspective view
of an alternative enbodi ment of the front housing of
FIG 3; 25 FIG 5B is a sectional view of the housing
of FIG 5A; FIG 6 is a cross-sectional view of a
FEPr shi ken .al on line 6-6 of FIG 3; 30 FIG
7 i gqagge%]sgpcg% "%vé”l%}?e‘w 0 Otfhég‘éo%?‘i’]ﬁgq Ag8eXt off FBE. 7
Fﬁrig apparatus of FIG 3; FIG 8 is an end view of
eleobs i mg-idsestbedf ol 1Gvi W nd a¢isng. t he -
12-NpegtbR e 1 by 35 (FI G 9 is anot herqg%%%i%a\?v(eo 3{Ray line
cooling insert of G 7 when faci ng the nold; FIG
10 is a cross-sectional view of the cooling insert
Flfakéh 196 arong-beneictdl10ief it Ghedinde AVENRER SHEET 1:1e
13FE3 Btodl rrcFl €. 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 5 12-12 fromFI G
11; and FIG 13 is a cross-sectional view of the
insert taken along line 13-13 fromFI G 11. 10 S
AVENDED SHEET DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBCODI MENT(S) An enbodi nent of the invention is
described in the context of (and in situ within) a
typical injection nolding system10, as shown in FIG
1. 5 The injection nolding system 10 i ncl udes an
injection unit 14 and a clanp unit 12. The injection
unit 14 processes nolding material for injection into
a nold. The injection unit 14
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includes a frame 32 that typically supports a -housi-ng
for 10 electrical conponents for machine control and

operation (not, shown), as well as a housing for a
power pack (not shown) A carriage (not shown)

5P PRSI RESER ASPRAD OF it kel M RIS S
el e oAt e decejprivenstinoiomens of

act uation
§%‘6V\H} SIS widhind astimicatlednpietian achaiagotyddien 10,
shawt eln 42G. hn operation, the screw 40 is rotated and
usual ly axially transl ated within the barrel 42 by ‘a

screw drive 36 in a manner that is well known in t he
The ¢ 1nIgrticnr aplding esgs-amyi thengludenbamatn pretdbnannit 14

agd exteignnmotonr Q. r0w581ﬁfl&:ti%fith’tn%@ 1@”%@&%55(&5 molding
mpanants t n scr
mfﬁi%%?: IofﬁoxcoPers oh kgllt %ﬁ]lﬁoalt ie a? P apPraciiae Pkt 14
Mo et effy g’:}au‘fki‘act dFREady ¥t siHgPTAS conphersing for
ejeqcé:&lFF‘E ﬁﬁf“BPn@FPWS/efosyfsatémn@omoahtbelapptil egetaride (not -
sliawrect kenwelit adda FbidiRer £oa a%%\%fé p%kékgl [A0%nor shown). A
ni.t |
B POROr S AN | PUERhL 8N BB | Aoy o penar

‘1"\% er sons. S he ar
R e? *Fhyectd-on i Faﬁ‘ﬁyﬂgﬁelﬁs@@‘f&% wilampvente the
frfgaeop?é’ﬂsby chetesticandoappl besr aot! esirpPador 681 {erd (not
stmehd. _ATheral ap iwnibedded RALUERS, abéééltdfo r&ﬁf beanéng

d
a6 s e Al B U Bier Rl i,
"’"’aPSt"%Ee%“rtal&t U8 haraded? dpaty 6AErPY PtiMeedclén dheanner

théﬁ:atlﬁor\‘@rl} Mrawen ih6 thed arhe dhbvecrawedbypé el Yay be a
combi.esacornest e&i’x by1 QUi ct ke AT 86 380 c A Veafvo, QF,., \Q}él Cr,];md
st rmdhallf 24 is attached t0. t1he 35

hyBESu PO 36 afid TG MEPdSRERY 4% F%r attircden .

vin at en
e?go?%g ildefonit y GHeat éﬁt 16:PrRertons Siidtl ed idortietely

hygdreulippréxcied esyhatn the sl aﬂmpwﬁdly]-?elﬁglée m@tf:bilelalrlve

lectri S
sybyem dydraawd Qap?flht\_@ Lol the %n%g@pkgxrlf eJI :C]tef‘:l c ttBFr, a

ation o
R R R SHER S ote 1Jectiqn seitase ihimesanted,
ogﬁwﬁbngﬁggons skilled in the art will appreciate a two- stage

injection unit may be used.

The clamp unit 12 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
9
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In the context of an exenplary thixotropic nol-ding---
system rmagnesi um chi ps 178 or other appropriate
material are fed into 5 a hopper 180 and netered
through feed throat 132 of barrel 42. The screw 40 is

hi@tal18¢d LemsonMeYs Mol ding material fromthe feed
throat 132 along the barrel 42, past a check. val ve 46

at the end of screw 40, and into an accunul ati on zone
Ig2the tdeatenbadfof an hexbapiaty andiistdopant mehat he system
mmlain48h129§ 1he &Crcﬁﬁﬁelsoaﬁﬁpgﬁylsdt%ahﬁEéﬂaf riotfeg into
arftﬁalf)@f a%Ean% met eéia gﬁxnoz}% £ £- b

MOVES bac R SaTE SArFPReh 48299, theeaiul 3 ©fabashet 42.
T marer 4° imhartaret doerbnmay endblingasabeetal from the
fe:e@?\t&y%dt iLm2 OaIchtﬁ_q ag@mar&%%oazzlo%@sti% chleéﬁ%aﬂﬁe 46 at
HEBtLL [ j e [ e no rou a
o A el 9940 BhEe{UF TRmLetify cttiots 4 the

a% ue % aratus. o acco
Hydrau R G At BRd |h“s%rr°é\i\'1 afi tee IG2EdRCEL  der bhe Arew

CHFEYAr @atmldslrtthe ghel @@m‘lldﬂﬁ(ﬁb)&dﬁﬁj ect snd hxeozz]_e 48,
theatserbal 4Hr ﬁm&aeba@ﬁuwkﬁirpr i pho L h
Shlblgr g@gﬁatgpfgjb 48.  Check val ti/%orb%rgrgévggt s‘gn% Cumu%ate &

fromf yack erhto dﬁlsflt&a'{ﬁﬂaé fhe Befevwwayeyed
inte (BF N ﬂw@&tﬂ@mpae 80, Heatkes 4 marterphhced atnRged
mtthetltaarmcelld 42 ,and nbzzhgh 4B {50 afbsratdA). t@oaééﬁcﬁr}bqlsh
thaﬁdlﬁﬁé(fﬁlaﬂrﬂ & 86 pr ! ure
schbysisgal g state of the ng?ﬁéﬁn‘g}éﬁ ggpggfhe Spraﬂ; forces

ar at U S e Pr et “T5vBRET oAs tERERPY | fpéfCt D5 the

maﬁ%’ W ef Ié‘?“énE‘éemC’t‘:%‘ﬂearMmW 83f iFIte t2A &o2B. thHreugh
nogpkeed8 .apglweskusabie Pt ®Vprtteena s CAMAERIOR BRt MRRANE back
inb@l baeggi Qb wmahi n@l@oggi,@w4 Oof t ll njectign %nlt a.
He#l l?_;n A2 %rhunnelr f%}st ng Pﬂe G

0T 26. e R RPatttig %in'&? %rﬁnglﬂoéél?o4%e(see
Flf ecetfed i tArdig¥eondndpl vahaidin26 aande8rddncipidessaing

tempzaltereoand Qitiyaii dant eehes & 94 hat mdl dinkSha € a1 .
confi gured to forma junction with a conpl enentary
terface of the machjne nozzle 48. A nelt

(0]
The OPRG haldle (S ohbh PHESSTh UUMERAPAL 08 SrempoRT e
Wl“t*hefefﬁ%rﬁlcenaw she sebedimerendf AIfo| dacensectimile sprue
apparegnbacd 9Bratiddie aecendeeftbr Sb@@é&ﬁfé gHEed et of

nadt@nh@ ﬁok&'ﬂ&tdé)rbflmgﬂ?e % ngoergeu{r]% éacon Sagﬁlﬁggﬁfo?ﬁffem

(notnt rf aﬁ on second
“"8lct 8@‘%‘?‘%@%”‘%%“?%@& IYst eamueThersprus 51
is a‘fﬂﬁrlml’agdﬁo pgr tdeeeivad| ddesha peadmal i 0 fhatizerBlang

“inagledebatoor foz£iSpPeSRlection interface 94 at a Tfirst end

configured_ to form a Jjunction with a complementary connection
interface of the machine nozzle - 48. A melt duct 89 extends
through the sprue apparatus 51 from the first end te a second
end. A mold connection interface 93 at the second end is
configured to form a junction with a complementary connection
interface on the second mold half 26 for conmnection of melt
duct 89 with the mold runner system. The sprue apparatus 51
further includes a plurality of thermal regulators, disposed
along the sprue apparatus 51, that thermally regulate a

plurality of thermal zones that segment the length of the sprue
10
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al ong the sprue apparatus 51, that thermally regul-ate
a 40 plurality of thermal zones that segnent the

| ength of the sprue 10 AMENDED SHEET R ZS/ 44
apparatus 51 for the purpose of l|ocalized tenperature

agoniaals of mokdbng BREEELA! oM 1N 160 8%%@5%39 éﬂ?é'etﬁm

oHUgGt, portions. SRrue apparat us

of " oHon SR %r%/\?]t H“rf ljnuﬁl?f’?‘&ﬁ’ﬁ%@ld\/\é‘@ﬁtnﬁwmgmrtlons The
SkGiHoAERRRE2 tY=ur bREr ,baanyn um:iem‘h:rlynanyCmpbh@Etfml wath a
juregliloat edtedeh @t iy ed’@rEJo%eﬁéub,sﬁﬁa&H I Ia;z% sﬁnctwn nay

8 an

AEGLE © n.the chi ne nozz
be z ?gﬁﬂiefih Fhd-hoTEPRE £ sebstamgially leak-

runner
EreSn riedyies hipmt e fvegan 4i91€ofmétdhaenﬁraohz nke NoZ zhwd 48hé Srunner

syEGepr o¥i tedl deyond| wsmH tHadisnak . surface of a cylindrical
spigot tip extension 92. The junction between the

Th%022| e cq:lnect ion interface 94 and the connecti on
Int PP ace 48 ottt cht fie °fosbe e meghiine| udesla 48 is

pr%ppdglgsp 4 n]t%lgwml@hnéflblSdlnf@cnfabéraad:ylxsldral:hp\/\ﬁﬁlé& tlp :

exseepiamd 980! i dithy¥ tyure®abnt htg@Bn a%e
3 regul ation rrgrll%?t/% nsé?r%‘ec]tmn

tohU | Ther rral
m@‘-’ﬁgé?gt 28 260 OB ERTRAT Tl O R PR APoedi ngepaanhine
nogFlEhad UWgs AutBalal gany inka whdchr mahdoneniatddial is
aldpred pr%’erea?t astQDI:ailfye)tlaaBQaﬁnlﬂlé?%br ag mt@% al of

kBSsAY KRk oY, qqm nozzl e 48
 cecond o hal % Fe eérlaBI Ve g Fﬁ% temperatur@

arSegond m)IE
appar atus ftft h F’° 8‘6n’p %e§rﬁe%‘ﬁl%ep°b‘a%h|°ﬁg gi2e hawdddng

mafPtit ani ol ifisn prremglren 3. thithesspreuepphisBi90552 can
expaed uded thetnozzlei oeRRECldARg He8hiage el | LSch the

noki1stagend, ¢ féercgihdl S0 ALING ggupl er connection
interface 72 in 25 proximty to the nozzle connection

interface 94. The nmelt duct 89 extends through the
Prefiad lyushitiy Serie omrheatis sttuenbet 0 @npB8eEaNd 2NEpryue
bushiser 6l haoiedt IWIGnEQURIET ] LARRSRY | QQubfgrergﬁceTIZe sprue
budird62566000asn dnd e Jhist aRd second Lopl ating =
£1.£9uUp n%r cgnnectl 0 |nter aces 72-and Pk ’é G at its
figur 8d" Y6 6F %tWJC&HEiL?ﬁrFWH%WWﬁaQeWZ in

con
prq:fllnglttyaﬁa S gint 24 pr genhesthiong intenfrent i9an iRk efié BEQSuct

89 mmds7&mml drd AN SubBOhAtINGrom the first end to a
second end. A second isclating coupler connection interface 74,
at the second end. The first and second isolating coupler
connection interfaces 72 and 74 are configured to form a
junction with complementary first and second sprue bushing
connection interfaces 76 and 78 provided on the isolating
coupler 53. The isolating coupler 53 1is configured to be at
least partially received in the second mold half 26, and is
further configured to intercon.ﬁect 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 Ffirst end of the
sprue bushing 52, through to the second mold half 26 whereby a

subgtantial portion of the sprue bushing 52 is isolated from
11
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coupler 53. The isolating coupler 53 is configured to
be at |least partially received in the second nold
hal f 26, and is further configured to interconnect
the nmelt duct 89 of the 35 sprue bushing 52 with the
t#@nné#rsyxﬁenﬁotcehe BECQ&&%HQhﬂaBﬁ'flséﬁitlxﬁ coupler 53

1bagh atd 116 QURIEL efgrakly connect
sonlag sk lai sy ol UL EET,

e US N
f’gr%. a° arl ;gztsaﬁﬁ?le‘a”@arpﬂrég@nfwvé%stra@ttedg 1phgbughinal
nPHEPRT-stThendsetating sprlerbishimg %2sikbs0ughetd tgmal

sgehatdiomplod hal fledrWagee 0 orti
zﬂétté‘r&[f%%r u%hgu§ﬁ| nébS %Te%:s&gléatﬁgpé %ﬂi c% B}ﬁ\@ngﬁones
e carriage’ PP GRPaFatyssotatitmpugh the

SHEE
PEBUGT SR 88 oroyrRyi tﬂW%éhﬁW@memsrt be fatsd ando@br a
temramthushiong £h2 whi | & ahbeni BY iths T @bﬁ]k&g BE" WhQnay
zdlyLStri cted | ongi tudi nal novenent. The iIsolating

coupler further assists in the thermal 5 regul ation of

at_ | east one of the plurality of thermal zones that
PREIGTBRLY t héheentti sdtinghecomise apparat Usn5laddumdigh that
confperispe ovifxican Bbuoiey G4 EBhReLNRS MR oF 894 Al %msg?t 56

rai se or lower a tenperature of the one or
rality of thermal zones. 10 Preferably, the
rI'hleso % g %}tﬁ et! 5845 Hifcasdentsieponfianold olpt £ sB6, avith
Wlhﬁasﬂﬁgem Zonhetd ednt poai €D i BY 1O tnPbring 84,

BoIhe fisont(shousitay 54 feikSadNtA s f&@ﬂ% mél dm?aal fsg and
si't

m c insert 5

i <. t?%%%h%?rgﬁ%ﬁ 99% F‘?s TR SBEE éusg}n%xﬁ%n‘dlthm the

SPE g FREAERI g ri n@“SBXEﬁ’Eﬁlnmtmdrr eaided(do| estdlidf ng

ripg |5§ﬂ ahﬂl@iprwwusimsmgngﬁ 5\ tviirtﬁa.hhehe| sobating coupler

whetepercHe3 nofl1&xgndhngds i Aper, 4 %on retaini ng. r?
PRECTLRT a‘f‘r% he 'sprue

bugBln.ds sprue bushing 52 Wlﬁ']
ucouIE)(‘Fer 20 whenever the nozzle 48 cones out of

engagenment with the sprue bushing 52. Preferably, the
pPréforgbliyoushag £odnpr avidesy asd hﬁfcg%de%orladuéﬁemal Senduit,

pr ¥ U nghé hefufnugggﬁonopf o Itﬁe ol g&%é%ﬁ% rrﬂc’dr heat

n between

5 nduct i
t
coflfflisfS Adiet g beliecn THe B O ecort oY e
St eB?dco?ﬁréPFPﬁg Pymhing 52, thereby controlling the
temperature at the junction between the second isolating

coupler connectlon interface 74 and the second sprue bushing
connection interface 78 in proximity to the second end of the

~front housing. Preferably, the Jjunction is a spigot 4junction

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 g thermal
regulator. Cooling tube 66 with connector 70, having a bushing
168, provide cooling f£luid, preferably oil, to cooling insert
56 to enable selective cooling of the sprue bushing 52, as will
be more fully explained hereinafter.

hermal regulators, such as heaters 96a, 96b, 96c and 964, are
12 ’

AMENDED SHEET



10

15

20

25

30

3i5

40

tenperature at the junction between the second
"isolating coupler connection interface 74 and the
second sprue bushing connection interface 78 in
proxinmty to the second end of the 30 front housi ng
amgef ;iza@taﬁ lget:lrtrangj Whet |1@ﬁgh5u@lr§,@ g?ctlsj BECEF 1%I
t.he erlgg g on ovi des for. the formation
e areet, SR LR U i¥ et it oepery. | The
eap‘?’fﬁ é:‘d‘ eTﬁ‘él%%@i"eﬁg Fﬁ%‘é?ql% &b st pragvittiestéteerature
of upige i mhlddngambheriml; 3G megubal orneARe! ibbg ﬁg)bes,.@q.ound a
n&kf&vé‘cpfb&%&@ﬁ 40 s shy ng ;16 rovid

gool ing fl resf]%?hab:Masgl{?(‘!"I 3 oo |%b |H§re?’:ft BEmele.

0 BRABTELHE Ve Oéoo?ﬁ?“ﬂ’ﬁ d?uslhﬁégséﬁué’r@l%ﬁ?ﬁga&@horter
heat V\Fq)qldu%onomthul bpdexpeatfec her eanaf tl@&’mal response,

béfwden. Hamtler! g4l AhAr $heS thdﬁ%g hﬁ?&ﬁrl%lg 'th? ?g duct
PR AOoad! Bre ]E'%OAyg Spr uelggEEH?% (}?Z%%?“%%H o é‘eﬂ?&ﬁéd"md

| ongi tudi nal axi s

thY eHEdRrenand ﬁ&?n#&PEE%e?mlb%drhaa@ted Thélsheatkesmajor -

P Be ofeltbet prety monting |59dcbﬂl<adij>é.|$dif tehaalngle diameter
thempabatuies 0bndhie ! diNg JMt ahd érea%ér@ee fd have the

Sgﬂ%atl%eg@ll%f%%rround a 5 narrowed portron o
bushi ng 52 e cur r ent exanple, the narrovved

portion of sprue bushing 52 provides a shorter heat
Thegrmageorbbars pabbateahdalder etbs e 1anfest theypmle bushing 52

prc@SpensempeRAtMRET eBL ek, 96 %g%nbﬂ% IQD ge t terlsglt to
Shau

atWI L0 malng %éhttr 99”' 38 ?O sthl’?é’nl) oc%tonc?fft% thermal

he nunber " of
seﬁ@éf‘%? P&t B@aﬁhaﬁhg‘?é’d’sekd 86, thehéhmmpal . regudatbon. of
t he sprue bushing 52 could be of a single dianeter

A pheesghidatihg Lengtdh %Bo{an%ﬁteasl Lutcﬁe ters%ﬁ%l%g}g 84

h a rcunf erence.
N %\ég%[égg%%h sterﬁ’ongeﬁaﬁﬂ B3t %rﬁ’ﬁlje”’ol%’I‘fPfﬁﬁt:SQllmtdeflth
hﬁeh’bé‘i”‘ﬁillﬂneuﬂééd%ﬂadkl ar pgRreli Mgl hendwrerimakhzomes, to

at | east one controller (not shown) that controls

NobPes Medg -s&tt Lpggaplg ate eastr & Slf]bs?it 86 the t heir nal

aten locating rin

Ba;g‘?ﬁlleadqogﬁl o%g?tﬁﬁfghffinﬁoﬁrﬁeé BSPY i 1ltshéa%econd
nold half 26 in correct alignnent with the injection

Re fied 1 113¢% niow 8o MBN@Er3 Walhle kpaye é}_:ﬁ)atraguérﬁl é\pglp%eiérred
enb&d Bldnac hed §I§bv}?1ard'selarheg)gpﬁo%egy v:.ew 0f60comp0nent parts.
Front housing 54 includes an access slot 100 allowing routing
of electrical 1leads 95 of heaters 98b, 96c and 964 and
thermocouples. Bolts 68 extend through enlarged collar 102 of
front housing 54 to djoin housing 54 to cooling insert 5§,
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 imsert 54. In the
embodiment shown in FIG. 3, four heater elements are

illustrated by way of example only, and it will therefore be
i3
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25 Barrelhead 50 is attached to barrel 42 by-bolts --

188. Referring nowto FIG 3, the sprue apparatus 51
of a preferred enbodinent is shown as an expl oded

vi ew of conponent parts. Front housing 54 includes an

appressatsddtthk@0 ad | awibg EﬁdaJti&Qat:iQ;noEfgh?eCthreg‘Eglr elements
and -

cheags : aLers b, 96c and 96d .
JLh rrr0‘%‘cs)rul%lfde,Isa.g g% Jtrse%é’re?( N RfGHgh B Begedtiel hare of
102°0f ‘fSFBon’tS h8BEi FRLB4°Pbigmsiln howsi mgy54incdudeolitgout
rpRgEFAt iz, a@yob:mgmmmt oS%éQQé@ﬂ&ﬁ qﬁaheh‘;l%g {f@hiceo-
ré€Cet Mid)ga a s, for the heater a an

a secor?ggsflgfmﬁ 6 sﬁeﬁé‘El %%élﬁ—‘\%% tr?‘)"l'lf%lf YUES ¥y haggers.
cooling lines 66. Heater elenents 96b, 96c and 96d fit
A tRPAT HRG| erSabatipke, kpaté ngushai@ns; 96a: 4 |h {Sside the
heattimon €Dotdtg | HEErt s56,e1k4N J:he s e i yent  sho [
nElfBagdsal gHa Boat el elge&‘?:??f?s%%glﬂo%dug?“ﬁeé‘d B agone
. of _exanpl e only, and it it tHerdForgtptningg rARENDED hat
l%kﬁf’r;géprté’ci At P IHdNTt Hesaubeé bmdbbdcat LBN. of LbBEting
*ingat’ér abhesemdsinstanhbelyar iwd a3 685118 Hse@S 56 and is

bd1@eas 88l el WalkRehy Shed %He(&iﬁ t?h useqd i3s
- > optianal ® A rm i he % Qi 6u?y olts 62. The
SRl ok a Q‘ah%n? c i AT BA® of r é8PYLe Ve inlduet iM®, (of

restriction, a

FIfndudto Betwasrsthackingndolmey fan t hea behtdey thimy OBa o

profi@k fiblemmheatiersatids oesssdbedchelginhef spyue

scBUSAI ML P Aakict Sgi nsi de the heating eﬁgn%ﬁt‘g{%ne P46 ana
held within and between the front housing 54 and

Thcooling insert 56 by the retaining ring 58 that 10 is
Seltired HY4img Sbofbnghdwiseint msGrebyichalil sid3Mc.s 4a, 4B,

4CLo@gﬁﬁmg4Enings8#uﬁhUtEeﬁ@ﬁLn$hesBPH&QQ&m%QﬁaQLKﬂuFSFean

ou | 4 ' 56.apg,} | ted. t | d bac,
ey ;gggd.s;jﬁ‘gx) Q%b%egoﬁ%“%% B> et Hal Feggna
may e aff i i VREf pEiee EERRE( ofiousimG SQALocated

: I'ncl u
2djaqfidert FEconfig epapeotitieana odat icdgned R84 nk8rilee o3

foprenduwignther Fahléd Alobhkoni HeLYREN L5LakLONY X%y@&f‘islsff 1%

BodNGo 8€eREs "Bl .Ral The front housing 54
thghsc‘)g%nidn ?e'qrﬁfugi IL?‘%GEFEIO&tShaIAS,IQPB, TORCHhY AR gl to
As shown T herei ne P&t PEnPrAGids o i PRINstesuanouRling a
subsifd@r-ialr fapeth haf Fhe camfiegunetiing be beepbsedkid the.

and ecopddnbidldaldy 26upfe j t usi 54
ety g 26upfePO¥din@bt 9bn t g 4rQRL BOUSi NG, 5 A
P in the pocket between the sprue bushing 52 and

the 1sqlating coupler 53 provides an insulative airspace for

~the sprue bushing from the relatively cold second moid 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 tapet 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,
25 will be explained later. A channel 114 in the interior wall

@i the front housing 54 provides a space for the wiring clamps
14
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adj acent a second end provides a nold connecti-om -

“interface 93 for ensuring a seal ed connection with

the second nold half 26. Bore 90 extends through the
front housing fromthe first end to 25 the second end.

udbe QQTEC%QJFﬁ@tVicﬁﬁSF@tHOCM ﬁgéegﬁgg@%&bg?meﬁn | 964
ubst.ant i ength o e sprue bus

IT§| rstlaégan secog Vsol” % g B%’b pRRr 3t 4 glpwel provide
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SR e nedds [ alrs age for

© %éﬁ?ﬁwaér‘%mﬁtfe ére al%ltlﬁ/el\éj ccx)’l Bﬂdl%?’bt 6 to
é’il%ezf & §B‘é}&3e“f€br ?h‘@%utﬁmgb@psmé@téﬂ aamfl cooling

lltsi%’rtrm&@upl eBélgadBoBés 1The reerevOO rbukkheys | Red UdBSpRing

h@pingdsscad sdvifiageihsreximty to the second end of
the front housing 54 that provides the second sprue

connection interface 78 for receiving the 35

bushi n
FI@oﬁpISézﬁeﬂ?%rﬁBséééﬁatF%‘bﬁf afreihecoupindigenheditfi drhe front .

houstingf adédef tHe sprhie busbbagns:, Arhcmgl\f@rdltsaperls a

subamRdfedely adlaoant abh@iaseconthand o) enflsollle Tells jor
quct 89 t q:e ut per. havi ng unct| on

P3 ﬁof}\n ng forme en\éﬁ ofw:% pIth§ &P wﬁ\dﬂf‘ﬁ@nﬁat‘%\?l gpld g§ of

re\ﬁf—‘Fde‘él%%’ fedas attcerfltchtiann@Iecmd mold heliEnter i @t -

ounal 18240and piherilieantn heusi %dé4ﬁgrE_@rﬂé d&&lﬁﬁpéﬁﬁléﬁr 184
t | YSE
to B@o%cﬁé %c%s@”’@é ]fwc}ﬂheat S q 5 gpd dioglgang 154 to be

Ctl
atﬁ\p res SCP?] ’c‘lﬁ]JlﬁﬁEFFo?fgw t h an aI i gnent  dowel
pr OVI de nmeans for properly orientating housing 54
FIGLt B rs@specthtospedl bighingsent 56.prehoy dlq ok Idheail.

d 0 cQrrespgon r 120 (see

LO%Q&& ggo% ool nél}l1 | n%sfgrtt?leSépFu 8 d'\‘/’l’%e gc?l g‘s?e recessed

YESIPTITRY b ?’x}%eﬁ7thé‘nho*d§18h”g 55¥Ffa’*ﬁ@ ol Whirch | nserides a

noggle Boptrnndrdlies inGereowi W8 .bollts 68cdttdd cOUMHNGirst end

of hottsiurg Bdshingoabi ngs i &§@Eﬁd:_5§:a110fﬂfu%e§t 26, a%ljangrf]lrst
ron

g
1861;41%& %B%pﬁgpf_%q{éxe%@rq J],]ousface 1@22 prgv&ded on an  outer

di 154 e nment
Bl ran‘:il §b’fey b orih aﬁnﬁ](‘%\‘i‘l‘aﬂ ilAdepr 184 irtwideghiage of

th?m&}@rmdgera@i ofilasfoel 8§ Pengideswathating endfach aeentobheng

ingeitd 536 af hededuege UpAMRY bradd ass 10 ghbbydd i é:'?xg inside

faé@cgﬁdfmge h@hf 26e fﬁ% 15118}% Sq 2 :%1?1 ersovali egree of
each sid e annul'ar cyl'inder

thermal iso atlon between the portlon 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 exténds 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
reduces 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
. 15 ]
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.to provide access to bolt holes 186 to enabl e housing
"154 to be attached to the cooling insert 56. FIG 6
shows the sprue bushing 52 of FIG 3 in nore detail.
20 Located at a first end of the sprue bushing 52 is a

adggessedtheysendid cald har e’ sp@lel Syrdaceof
e BRI A R iapped

. cwhish i~Ghe | e _cpnnect 2
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tdhejcheaia phakeod24 qummisdes: a) degne .4 hgramal .
siSQlatdon hetueep {g}ﬁelpo‘rnt i.on, of 1 geg%?ﬁse %uesrﬁpﬁé:ogﬁlate
»3Q 1 gontact. w th the coolti Ay Ihseft B8 @fgopfemold half
r émai nder “GFWE2EEPR RF FdiehragiBR, apherebtys rednerngysten
CtofabErIZ heat medansflew  fu omupherimebt QuUCLL 89 d Onmb 118 ngy
pme@ekkng i nsert 56. Melt duct 89 extends through the
sprue bushing 52 fromthe 35 first end to a second
I eng, and may include a inwardly contracting tapered
G8FEforfttadf AR e FECPRR I59fe ®Y that spradudhisypingedizcess an

extReded arat@rlagf spheotretingdwolt 86n tey MBLEH hNE,POZZL & face
t

thael prevtied Qh5h§e<§d¥{d"(isg§d§@irpgg cn‘%l{;)?.%rggﬁgc%qn&-ﬁ”gﬁ?geinterface

du so_include a steppe
740
be?&%ﬁ%fuﬁgﬁnm%e % PAGBOr t T dfidlAte odidRlr dhg 122¢, are

LoER bEhdr HPS ik st i06n thamediae ebyshitly AYENRED provide
tespEEtwE] deedbatiheis egerd readeafedhe gpLye, byghi ng.52. .
fulbe ShapRada f&AaNSti-op 170 functions, under applied
injection pressure, to shear a plug of consi stent
Iength fromone injection cycle to the next, while
F1¢ he” olsf war dpylasgrahdisigreapevedviml tofugle 2:dR2ihiOBnsert
56 89daf tiidheicoapse shéunth el Q6FBE L oL, and. 4 ggdgpe hage of
e

164 sahange, of S . pl at .the beginni ng Of “edat
Cedglsgiron, e e Wt h Bt iemilontor s asdcngninsers
fr eSSUFe. X haﬁlpitt ;'}OG-t"t‘Jt et}}@btbaaepb@gt@é @odangi shesft .
PAGegeRt pef nits thhemeppupdpr natet miizicNg20f; A 1SR UShown in
Ficat ther (noticmgewnaihiniye.sgoand mojd halj 10 26 and
) ) . 2 g. the
51461217%19.0%@ %Heatéc%llgnfg tirr]l%erztgl %Ien it?i)pg{gégrsicgli%ii};ess to

St
hea%ér eBIEa {not shown). Longitudinally oriented channel 114b

~extends through an inner bore in cooling insert 56 a{ﬁawprOVides

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 B4 and retaining fing 58. Bolts 130 (see FIC. 3)
extend through retaining ring 58 into threaded holes 136 in
cooling insert 56 to retain sprue bushing 52. wWith reference
to FIGS. 2B and 6, the shoulder 138 on an inner face of flange
86 of sprue bushing 52 (zee FIG. 6) engages surface 140 on an

wnner face of recessed bore 9] formed in the cooling insert 56
16 ‘
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to optimze the nelt flow in support of a stable --~-
nmol ding process. Located at the second end of the
sprue bushing 52 is an 15 extended circul ar spigot
ring portion B8 with an outer surface that provides
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ispluiifigc cooptaolintepesc@soMdhe B EONRsHAB4f bb! Y
expl ained hereinafter. FIG 7 is an enl arged

fer sgﬁﬁct ive view of the cooling insert 56. A
F{ferhseatn et Vhsy et £281i59| bested 54t thhe Base Gfont

helwingl 66 - asBal tehaBnektamd hinrobbe sigtewahk of £M%it housing
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‘?h%ﬁe Hip |%8 HouRt- % pOF it 28OS B s Phs hwmaichacmat with

caging Ilé‘ﬁ@FFuéﬁnal I’IVeorSﬂ’eHﬂéelrsllb-’t 19<de t hroughat her Ffront -

na@isdewalsk @écéh@escolﬂing]gadzf’cs%ht mer it %oeheﬁéri@ém 56 to
erkG@se1 b &ﬁﬂ)tleﬂl é'}ggtccﬁﬁq_ L’enigl 6u %‘8?{8%

o]y |r%rrr11ged cha ng ext en rou K i
I"n "COOTTHY i*nSeFt aarr?d ﬁF’BWoCB'S““& §ﬁ%%‘élcffbr°fserewlmg

Cfb"i“ﬁ‘ﬁi‘)sa’(“ﬁo‘tfo%mplvhat tpetapse hefft etheQG@olanguaianmel as
wispr becdnss kippgrb2t | firdh @angﬁbg@denl&ngggéﬁﬁgqohn t he
art.” FIG 8 shows the end view of cooling insert 56
at, faces 35 |locating ring 84 and retaining ring 58.

FISI 'Y 130 T s&EOHT GBeositonakt #navt Mfodd® rercditmongneeny 56

taésn e hiéadeadciobpsl 136nkea 1000Pi ngdiosesd 56 Foc. 9.
Tkneetmbmls@rtkeaxbiéﬁhld’iQCEZatwt&'bdl%fn%r gnGeq,t rg}féﬁbl%Bo 1,

21880, chbCcsnU a1 OB an hane Lace, ol 4 | Snas  goint

enga

prue sh
12§n an{ t Lé] aEH ‘Fe’?‘ac‘”é’eofmrtseé@%%oam Pegvetnr phal dapling

inppgt C%|3F1Figsl)ﬂ$%ﬂ1‘1$56¥lg 15 AMeNBED. SHEERs| thdledrature

atanthiiss heldt bys r ekaktDegg. bl r\gles r%@: SYE éxaag:%éagz hcgeﬁeth

i8Sl ChBIRLE BLaldld ) oo PO el STt . an

% ﬁ_)’u connectl on I
SPPEEHIRi NG tTRESFVRSL 2 iKWedt il1§ do6pl EAGI nBer fthee ehgages
wlt:}},easgrp{p@asm@gﬁpn@ &erthre {not shown) in sprue bushing 52

- to assure alignment of the sprue bushing 52 with the cooling

insert 56.

FIGs. 11, 12 and 13 show a particularly suitable arrangement 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.
Veértical 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
17
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FIG 9 shows the end view of cooling insert 56-that-
faces front housing 54. Bolts 68 extend through slots
116 in front housing 54 (see FIG 3) and into

threaded slots 134 in cooling insert 56 thereby to 7
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thehapobhgagebuidi flvwe a@h@&ﬁ@@ﬁfﬁm RBLELMH Cakd ¥ roung che
Clgbﬁmggréd@espgge PHéh' gssurqﬁgllgnnent of the

Pag 5
Topde gyery
ek Pl e M0 e Bl [ R S e ol

atB?Ch%%d?Pﬁﬁ Eﬁ%ﬁﬂé1§4for the cooling insert 56. The
cooling insert 56 has cooling channels |ocated on two

Th&epahatRa Pl aBS&iJ@r ar &¢ CQIQ eci d&fsg:yln\ée(rjtc:f%%llgfe could
n

onnect o nel s
alE%¥HH%1VESFhe séc%?oﬁafugP%%fl?P¥%(§°ﬂ£¥%ﬁﬂ§19haﬁﬁehsf36id

whaEh Hivd tubsdakr eoShoh dispphed seatitonak ubemid ohhGotion
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coollng

1%%§j;q“%3ann E 150 an
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Drtc‘ubpllﬁlﬁallJS:yC@j’fnédhedfbﬁr wehté&@lon heat transfer could be
provided. The present invention is not limited to a 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 réference
to FIG. 1 & 2A operating a thikotropic 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 material in the barrel 42 while it is also heated
18
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channel connector 164. Vertical channel connector 164

is connected to channel 144. Cool ant flows through
channel 144 to vertical channel connector 162.

Vertical channel connector 162 5 carries coolant to
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bg loerdow ded t t%ent i nvention IS not N

a speci f1 e e mn Wc}r egifl afPHE t RRPREHPST atlir e |?F1“  the
empﬂ@l’f‘?féi’sﬂalth?e@%@ta@le fog@a Rattst hbrbatlt ¢he machine nozzle

48urider st aedkhgn Obft priiavenkhong the dlﬁl%f:@&:[zeedi between a
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Spé\pé §&£I%W1g4o hcegn move laterally within the bore 90, any
pPressure transmitted into the bushing 52 would be relieved. The
force isclated 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 magnegsium.

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

present invention is not limited to specific number or
19
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40 the nolding material in the barrel 42 while it is

al so heated 18 AMENDED SHEET to achi eve, in the case

of thixotropic nmolding of light-netal alloys, a

thi xotropic state. The thixotropic material is fed
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COCHTTAiFEd thet Wemad retoldtdon céqnbamleatd8imnthe nozzle
segbiglg ngohasera‘1,56ananed;djhaﬁﬂi{ﬁﬂ Otéﬁaﬁdgétﬁ‘r}]}g #%Ftal nﬁ%&# is
Q1 hausj ng.54 A Q e sec nalt
e e e Rgeht 2rd3, Mo rengiaening
““Bushi Eg 555 <h] abERTMA pBPeY i orhy nédeteeheemaulator
hedierA e748 and  oul i agl i nber thb6mal r sy Ne Al é# ag8o1ing
inémas.Fumﬂa;erm&B;ﬁighxﬁ&& SIPIENE Qg%ﬁi?%sigﬁlr 80 "BYSy s
. i A R

osbtzably Rty oL Dty 0,0 R E
u#oroce irSol gl’e SpEit Gicofithe Listlesipushrurf 52 comnection
integdpepored Hage nezrdbatbuedytshendeereanst S00t | o fdhe
£las secigdhed ing MPEOY CHRAT Sdh LedNeTdBR1 LSRN Cone, 22, is

pre@%%%ﬁ@iﬂiftdi%c%&h%o the melt duct portion 89a and heat

.flow from the nozzle junction is preferentially direeted to the

cooling insert 56. The cooling insert 56 includes a flow
circuit for circulakting 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 122¢ in the sprue bushing flange 86,

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

wherein the molding material within the encompassed melt duct
26
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regard to the effects of applied carriage force,” and

is of 35 particular significance at the high operating
tenperatures ‘typical for the thixotropic nolding of
magnesi um The sprue apparatus 51 of FIG 2B includes
PPHel Wel4HH tiat iminshinedieapl ur absiyedfprlohes 8By Z08RSarature
i osuprhrer te Xt iad Yindl r P {, invention is
0 ild mibedilo iefi(hc%sﬁjur?ggrgsor&ﬁ% AVENBEDERET 10 the
bcop;{i Gration ot the PruratTH?or / berkersl 29anedblhamd 96c
Ty 58 tPEgbRedE T suppernocburle emsatelal GRESRRME point
12%e (gkaralGt 6)aof thermal zones includes a nozzle

sealing zone, 5 Z1, located at the first end of the
mSPr ee appar at us 51, that enconpasses the nozzle
Cofed i ofYi Afertec®ad  zangsa ineledeiucino yert icamd@®aoning
ZoTie tZnpelcaed ialohbe thez zleauseal amgm@ts%e ggrleji%n of the
sealin

. ayaEegulsat i i des
drixer mdayakggulzat eg, 1,0 ' Q\tdglage .ggﬁlxﬁttléawgge pe, 22,

w r r t the nozzle connection
PRy Frifing R 16 BAtherHiensproRssremel: Suct

and hence the |
POFHYCE hIachPnerddiecimiagntaored e at48a Wdieed processing

tesbapdtarreours| yupmivd aimi nige theldpbdichgeaat erjal oo oo o
ment 1 idn | hendrelilo-dust port infida, at any desifed .
cRLOSESSINY  Lenperature in supq%gr? ot tHe HAIVdiRg by the

process. 1h par tfUHIER  PREVIIRSr nPrr egulcallpbively t hast
RSB Yot JMIEEPOACT hilke f omperaherd Sad uBthinn HEt WREMdNE ng

maserigd busiithgn52 aek t hewuemehi pg- gzl e requir.es
b ig%?erf Ce Q%Wal

refeic D8k eBpPerggiur f,t onnect.i o
in DBl ned Ioowjgﬁouléahsa%it {}lg gfg‘ ?%??%/ gﬁ?}“ nBl dfpRymocouple
naterial t st nBY*Seelr it GeenEIFunet i orfthe Mersebythe@mal
TEIRFNCa CoBRPnS At dPour bhe frrameeonpinsiiatite theti®lions in
an regfulcahtotyc By reaentss i n the nozzle 20 sealing zone,
Z1, an equilibriumconduction heat flowis
Theestfbla‘jls,hed %etvveen an adj acent sprue bushing
condi i enngt FoREmeyozonesenlsq hiratmtiey negybated byne,
241 Heraraledr egultieomecheat end 96btien b6, a3pEribes 51, for
thd hesmadolnegul fd:@at@bnCd 1 091 ) 5 The e
mol%%.hebinjats.m inf -aéheeng Uialsisb}fﬁiﬁ%iﬁ ugw ?fs fglldlflec'}
1,258 st ed b% %row i g SRl Es‘?ﬁ?fgpS’Zt\)\P{lh?%dhedfhe
PLiehdiey -e*teiz sof EPGPrEyemet heenevhess | et mpbdlas i Rgterial
durdggpveriewnndstenvrls nberbaselant tHHdReEZlEcie and ma

‘obvianaeehéOnebdt ebfagenscl At heat shEEQc\:’\ffo.r LA att:llmenx%nalll
s

reg{xﬁgmérb%@@Jhgcggctzlfn%ndzloyeogsl; npgro%r?iggc’i as a conduction heat
flow between the adjacent sprue bushing conditioning zone, Z3,
itself thermally regulated by thermal regulator heaters 96d,
and the thermal regulator/thermal conduit of the front h‘ousing
54. The thermal condqit of the fromt 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 24 may be thermally regulated
to at least partially re-melt the melding material, and may be
assisted by yet ancother thermal regulator.

The plurality of thermal =zones may also include a second
21
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preferentially directed into the nmelt duct portion 89a
and heat 30 flow fromthe nozzle junction is
preferentially directed to the cooling insert 56. The
cooling insert 56 includes a flow circuit for
SERHERA &g (BOF | Dwvoar) Ebakabmcadairates tEenpeuatiien between
thendetbmhetsdis ta noherdmllat Oowhbbe &IPSk Le.f egdbagk .,

E¢ in tin olnt 128 in
staom shermsountes ssbetted. b rpng Soln 1oe IF, °

ooling i.nsert 35756,
2 3596388 bERéhi RE £ FRRgEmeBE  heusimevi bhis| nnebhé onedsent.

emkp@ig‘emtal:he yseforiheremlingonese 1iNGnida8e80n4di &%&mrﬁg zZone
zZ20N&neZ25udGahed; al ang 3;68Pt ral, ROLt | of , the
" Lad] asBar tnd HSTPE. SOAE nb? 2 germally

r%ﬁh‘é} gppar at us 51 adj ac . NoZ '
;. 40%herei Pt he Yol Gy maPeifRiidmitiann aftheany molding
nehffotpadded mevt wheet i@ AVENDED:SHEET paekeln 89bnisy a
sergi.nt ai ned at a desired processing tenperature in
support of the nolding process. Thernmal regulation in
hle éone'his grovi ded by thermal regul ator/heaters
64, “98b, Pandceet @ °fn iFe@dpaERl f $wmea apparatus that
iz hewsbebuple imstalldédgi napparrtt ol Bhat 5 ARRH He8€Cthermal

mankGemblt ERE RISH@1t Yo 4t h% lc% FS Ia Jg%tg:peczce thermal

t he ondi ti,onin zZqQne; !
,ZO?%gUgegh%i égr‘é nétrmﬁlorq'ﬁso%egp ttRE"d PRt Ay pal dt uge B when
INJREEITE Bediedc ahl oxwndivdhone ngagor unZBasdd athere| nwhde in
thepkdixg- metier saktad t hin t he enconpassed nelt duct

portion 89c is again maintained at a desired

rqcessi n tenperature in support of the nolding
ald B S ean foreg%‘oagwt MATEGRES: e arrdrler. hdbtcussed

process. As pr
abEBRdaEE | BATPRE hingpodrdéddbpyt hefereke ethith atfet @fetailed
Deporiptomn piovhe es-dfirradr ehsddv@hy . f ast 15 t her nal

response for the tenperature adjustnment of the nol ding
Thgatigrllal wi.thin nmelt duct portion 89d by thermnal

Fegulal 611 He sl P VER thasBd¥Bn FeetbdéRef Psmdpsignated by
bleget mbBolipice attestheld eRkawingeuntrepodXit #2PB-Kiee@ i the

infyctibne daelstinheryml, LHeSPORSH COHPRENSA 65 f@ulPfon ana

opdFaguant, Lenper at, riations in .20 an_adjacent
ca g%clnl nguéogg Z4. lﬂﬁ%‘é}‘(gl E?alﬂlq‘?yo%?rattﬁgflnﬁfr g%ﬁésmaﬁ%ofor
88 a8y Vg t28Re,  Z4, located at the second
end of the sprue apparatus 51, for the controlled
formation of a localized plug of solidified
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25 nol ding material in an enconpassed nelt duct
portion 89d. The plug may be used to prevent the
egress of nolding material during various intervals
of a nol ding process cycle and may obviate the need
for a mechanical nelt shut-off. The thermal

regul ati on of the cycli £dFKEME is provided as a
conduction heat 30 fl ow between the adjacent sprue
bushi ng conditioning zone, Z3, itself thermally
regul ated by thermal regulator heaters 96d, and the

t het mglruee gt ot ud hernpl ceontibte @ft d Nee Frontiveq ln a
er.mal conduit of the fr&nt ho sin

Haés ¢ 9ﬁe8€ a

moldmngumacbmnpahbzbéémeel)SﬁltheacmuhedrsegendmnﬁEdthalf

mo L P hey Be 1 Ael Ty PBAUFaPBA TG Rt (Plast

compateiabfy re-nelt the nDIdlng material, and may be

assi sted by yet another thernmal regulator 40 The
plurality of thernmal zones may al so include a second
21 AVENDEDSBHEETPEERFPAG (Z6ne CORSE I8RERNY Ot Repperate

| neorporat essdie jrincid il het yieen, tHe §eeendushing
|sqg%§|nqﬂﬁpqgﬁgr connection interface 74 and the

sec spr shi ng connection interface 78 in
proximty to the second end of the front housi ng 54.

In the present, c n q. 7
i s embedded in cylﬁﬂﬁg zoﬁg§ %§$ ﬁ% o unc ﬁ%ﬁ9|a ge€ong

spi got jGREfion that is thermally regulated, in use,
to cause solidification of any molding material that
may seep into the junction, thereby formng a seal

10 Thus, what hd¥bekh (st tbedl i S wehoved 5ptue
apparatueohmaguree vsekul ihhnea sRlrdbog ampahetuebhha&

reqU|res t her nal nagenent d contr
i ural e hP0F aret Prct T ehorhel ChsRge. FheCFabRREIGR
has beenwfidbnd parpilenkatbyyusehukcwhen 15temﬁeCE|ng

met al aIkggsmagHggeaﬁog%?@eeu%n1based al l oys, when in
the thixotropic state and foreign patent

docurments, and articles, discussed above are hereby
i ncorporated by, refesenseridtd dheclRet@aidetsr body being

configured to receive a plurality of thermal
regulators disposed along the sprue apparatus,
that thermally regulate a plurality of thermal
zones that segment the length of the sprue

apparatus;

a first isclating coupler connection
interface (72) configured on the outer surface
of the tubular body, at the first end thereof,

adjacent the nozzle connection interface (94);

a second 1lsolating coupler connection
interface (74) configured on the outer surface
of the tubular bedy, at the second end thereof:
and

23
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20 Description of the Preferred Enbodi nent. The

i ndi vi dual conponents shown in outline or designated
by blocks in the attached Drawi ngs are all well-known
inthe injection nolding arts, and their specific
construction and 25 operation are not critical to the
operation or basmenpdeuépr(89ﬁrtyhﬁ@gonédthhrough the

| nventi on. 6%%? Ve R The e b ASPHS reor,

apparatus ured to be receive
mol di ng dppar atgs f(lZ@)t ftor tdensectingy ealcrrel t duct (89)

of a mlu@zleg%l'ﬁacﬁmen%s%qza%ll%g;@up\@ﬂetrh @ THUNNRIT Bist.em

of the ng apparatus ( he sprue appar at us
(51) conprising: 10 a sprue bushing (52) configured

to cooperate W thpabatksebalyi RGveRYpPheri(bs8) antihe second
sprue bushing (52) including: a tubular body having a
fist and® “econd 15 end; a nozzle connection

interface (94) onfrgured on an inner surface of the

fubular - body, jak;@sfi Lk, end,Lhengotynhat e8ANeqtLdace

20 with a conpfenentary connéction’i nt er ace on
machi ne noZz| ecd8)gurad cut e siirfeac s sffadfe afubdular

body bei g, conf ikied 40 fRCE M@ MUrdalddan0f ror
thermal 25 regul ators di sposed al ong the sprue

appar at u§eC@t1W&tn?l Héranel 458t egin ‘dtte T8 p?QPrFalIE?Ii y of
thernmal zones-tikat isegenicd hegdengt ief dheuspushing
apparatus Zgo a first |solat|ng coupl er connecti on
interface (°72) configured on the outer surface of the
tubul ar body, at the first end thereof, adjacent the

nozzl e conneot%Ogehaharéggse(gﬂghiﬁa a,s8c00d,,

i sol ati ng cou er connectli on .
1nterface {78) configured on an inner surface

of the tubular body, in proximity to the second
end thereof, for receiving the second isolating
coupler connection interface (74) on the sprue
bushing (52):

a mold connection interface (93}
configured at the second end of the tubular
body for connecting with a complementary
connection interface on the molding apparatus
{26} ;

the first isolating coupler connectien
interface (72) and the first sprue bushing
connection interface (76) are configured to
cooperate to isclate the sprue bushing (52)
from an applied carriage force from the machine

nozzle (48).

2. The sprue apparatus (51) according to claim 1,
wherein the nozzle connection interface (94) is configured

as a cylindrical spigot interface,
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interface (74) configured on the outer surface of the
tubul ar body, at the second end thereof; and Z:', a
nmelt duct (89) configured through the tubular body,
on the inner surface thereof, fromthe first to the
second end; wherein the isolating coupler (53)

3. incTdesprus appabatas body havbndiacftiestiand &,

wh esf%%n@t %@s 12 fnler e %%%U%l%%%ﬁ'ﬁqz GANNRLIION 5 5
interface O (76) configured on an inner surface of

theﬁﬁéllﬂU5§9§ﬁaﬁﬁgySe&ﬂlpﬂeZﬂ“ﬁsﬁh@ﬁdﬂﬁﬁéﬁéﬁﬁl ffor

temlp@Ci%ltf‘valrlég aﬂ:thfel hetz zll%olc@tnln@%&ﬁi#}plleftemmeg(tgdqn belo&«z &
i nter on t rye, .bushi n a secon
il BEBRE g Eg et romo el e R ed <on 2
Leadn firgpe cospretacen @ntmhahEub@k@mnmompzah@ pridgyi.mty to
the second end thereof, for receiving the second
i sol ati ng 20 coupl er connection interface (74) on the
4. sprilec pushe ngPRBR3TuA hdlU eonnedinentpneerface ¢93)

c12G8Rf nguned 2at hbeSecend enRd Ofcdhe Ul amn 23 RedY 93)
for connectln Wi th a caonplenmentary connection

i5 CAPSrEhcE ot e ol A Appardes IO ade fir st
|solat|ng coupl er connection 30 interface (72) and

|r§ sprue bushlng nnection interface (76) are
hgurle $ PREbperat & ? 7sof g%n?h brag™pbushi ng
whe@@Zﬁ aftr drrean applpédtQ&rpdagelhamceﬂfnmnmﬁhesn&@mnmaliy

req@%%k8 628)ing zone that maintains a temperature at the
mold connection interface (93) below a liguidus temperature
of a molding material that provides a leak-free connection

with the molding apparatus (26).

6. The sprue apparatus (51) according to claim 1,

wherein the isoclating coupler (53) includes:

a melt duct extension configured along the
inner surface of the tubular member at the second end
thereof that interconnects the melt duct (89) of the
sprue bushing (52) with the runner system of the

molding apparatus (26).

7. The sprue apparatus (51} according to claim 1,
wherein the connection between the second isclating coupler
connection interface (74) of sprue bushing (52) and the
second sprue bushing connection interface (78) of isolating

coupler (53) 1s a spigot junction.

8. The sprue apparatus (51) according to claim 1,
wherein at least one of the plurality of zones is a
thermally regulated sealing zone that maintains a
temperature at the mold connection interface (93) below a

liquidus temperature of a molding material that provides a
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35 2. The sprue apparatus (51) according to claim1,
wherein the nozzle connection interface (94) is
configured as a cylindrical spigot interface. 24 3.
The sprue apparatus (51) according to claim1,
wherein at | east one of the plurality of zones is a
leakhérmal bynneguliahedisealthrgrmzpdne nphappemianta (6 .
tenperature at the nozzle connection interface (94)
below a 5 liquidus tenperature of a nolding nateria
9. thathprovfwesarrataiks f el conpreedlion Withlake hachine
wheP0%4 %hé4§)solétﬂ{aec%%q%rare@@r ateis 1frel) 1%%@@1@%'5”9 to
any one of <clains 1 and mhereln t he nol
connection interface (93) 10 is conflgured as a
Cyl i ndri ®a|fr$>ﬂitg®1buisﬁtn@ff (@ae. C@nnﬂﬂﬁe&DYMQkﬁ@p@foaﬂ;i&g
accor east 0
{nelrtina) {19 ot Horet 1 5q HEr et Ty 5 bt arba eal g
zongurtdiat onred Htai ise ang Enpeyat arer atdj heedd npbdnozzle
coqgﬁﬁ%égaégnfggggg ég329pF|OMIa i qui dus tenperature
mat effal that provides a | eak-free
connection MAth t he nol di ng apparatus (26). 6. The

10.SPrig appagat éﬁéﬁu§0@9iﬂ'£9cé569ﬁ@'ﬂblclagﬁ wherein
t he |solat|ngﬂcou pl er inclu a nmelt duct

wheggi Bn&NEn CEaRtN§ur-éd sl or{g§6t he < Hﬁ&s ‘surface of the
t ubul ar nenber at the second end thereof t hat

i nterconnects.the melt d the 2
bushi ng E52F Wit t 5”¥hﬁheﬁggﬁ 6F-Cﬁaé%% Gegling

apparatdis (26). 7. The sprue apparatus (51) accordlng

to claim1, wherein the connection between the second

i sol ati ng coupler 30 connection interface (74) of
11.sprifee bishiag@eseyaang {he) seeonddspg ukCbtushifg?/
whe§@AREEHEOR LN 8L a6@ o (8)(sef) iiseatd-rg coupler (53)

is a spigot junction. 8. The sprue apparatus (51)

according to claim1, 35 wherein at |east one of the

pluralitwy ehszeoresurs e i kernwl |y asgulatatSeaeal jargnt

Zongntgn er agéaapgaabetween the ceocoling insert (56) and

sprue bushing (52}.

12. The sprue apparatus (51) according to claim 1,
wherein the front housing (54) 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, the thermal conduit providing the
function of a thermal regulator adjacent the connection
between the second isclating coupler connection interface
{74) of sprue bushing (52) and the second sprue bushing

connection interface (78) of isoclating coupler (53).

13. The sprue apparatus (51) according to claim 1,

wherein the front housing (54) includes:

a bore (90) that extends through the front

housing (54) from a first end to a second end thereof
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tenperature at the nold connection interface (93)
below a |iquidus tenperature of a nolding materi al
that provides a 25 | eak-free connection with the
nol di ng apparatus (26). 9. The sprue apparatus (51)
according to claim1, wherein the isolating coupler
(53§nﬁuprhéwdEﬁcauﬁ@sketSSarrponﬂlhguShngsp54¢ bushing

90n3§@a§ awg&Bs@aSQQQEH%ortﬂéﬁrBf(§§L 1&H§tﬁoollng
insert (56) providing t function of her ma

regul at or adjacent the nozzle ~connection interface
14.(94Thellpi0e dppasptue apparatdsridbd)y ascendingito

ol i i.nsert (56) i ncl udes: a
Whﬁﬁﬁﬁq|€}(ﬂ%ﬁﬁ%l“%&4g¥wﬁ%ﬁ ﬁﬂﬁﬁ U$t5%ig cooling 15
fluid. 11. The sprue apparatus (51) accordlng to claim
9, wher n sert a
t her nocoﬁalplrbé}llqﬁlaﬁcg?ﬁi %f% ({e 7 ggdr g’ﬁsco ZC%e
i nt é¢faee areacbetheehrene h@@ﬁﬂﬁg |ﬁéérth€56pranddes

sprege bushbng éégae B@shfﬁﬁ é@ﬁﬁgc@peﬁrghgéréééé 78, and -
accordi ng'ﬂto claim1l erein the front housi ng

(5437 pPovi ged Ba?%%r%%WeébﬁaﬁlFhef6?cﬁ%§t666nHU%¥|on

bet peenitibe cooledl noldtngeappasabus (8626) and the

second end of sprue bushing (52) mﬁthin a second

sealing zone, the thermal conduit providing the
15.f ungl¢ oppofic aapheraabs r égul aborcadiagent theim 1,

wheGRNRe G0N 30 be W%%%g 9}4%6?%Qﬂ J-gQl.ating coupler

connection interface sprue bushing (52) and
the second sprue bushlng connection interface (78) of

i sol ati n@rﬁ@iﬂ'e%r s(u&&)acelihakh%ssm&ﬁlwcﬂtw di2b): de
accordlngb%o cla wherei n the front housing

(54)"F B %OH%Q%B+%“(§@§e¥ﬁ%fee&?%hds t hrough t he

front housing (54) froma first end to a second end
16.thef§8fspg@e apparatus (51) according to claim 1,
wherein the nozzle connection interface (94) is provided by
an inner surface of a recessed cylindrical bore (87) at a

first end of the sprue bushing (52).

17. The sprue apparatus (51} according te claim 1,
wherein the first isolating coupler connecting interface
(72} is provided by a surface on the outer diameter of a
cylindrical flange (86) located at the first end of sprue
bushing (52).

18. The sprue apparatus (51) according to claim 1 further
including a heat choke {(124) formed as a grogve on an

inside face of flange (86).

15. The sprue apparatus (51) according to claim 16,
wherein melt duct (89) further includes:

an inwardly contracting tapered portion

adjacent the bore (87), a stepped transitiocn {(170)
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and provides a pocket surrounding the sprue bushing
al ong a substantial portion of its length. 14. The
sprue apparatus (51) according to claim 13, 5 wherein
the bore (90) further includes: a cylindrical surface
in proximty to the second end of the front housing
(54bethaénpﬁOMhdﬁSmelhepsetmﬁd SﬁﬁuenbuahWEgdly
conne nterfa an r
i e e TR
extéh3|aprQBquSQSngThé2$prue apparatus (51) according
to claiml1l, wherein the front housing (54) includes:
15 an outer surface that is configured to provide the
20.npl gheohREEE| BAPPREEFFacEl] 98?00181n¥h§056#9ém 1,
wm%&ﬁ@w@d@%mm@mmwﬁﬁ&ﬁ%m&ﬂ&%wwmnntm
nozzl e connection interface (94) is provided by an
i nner surface of a recessed cylindrical bore (87) at a
first enmmkﬂmmdmimammﬂﬁm@gﬂ@t.mngMHSMWe88

appgﬁaRHé é%%%nécg%dw%ht oncl, Eg}:lsu% eEE' ?7§?8V1des

[#3

sol a coupl er connec Sce
10 pr ovhdedebynd saﬁﬁaéenencpheleatepndeeﬁeperloﬁeaface
cyliipdrical flange (86) |ocated at the first end of
sprue bushing (52). 30 18. The sprue apparatus (51)
according to claim1l further including a heat choke
21 (124%ef§pﬁﬁd appargtQeve (en)anccbhaidg tacelafinf lange
19. The rue ar.at s(§51) according to claim
§§”ﬁﬁeﬁ) Wé%% FUrt her includes: an

15 |nmardly contractlng tapered portion adjacent the

bore (87),. p % %tr%”é@@déﬂo%éanéj

mai n nelt on and an outwar g%a ere
porthenlpﬁﬁeaud@eaﬁhexgec@ﬁdseﬁdeobuShﬁegsﬁﬁ e Baehmﬁg

(52)e selectively controlled, the heaters providing the

function of a thermal regulator for selective heating

20 of at least one conditioning zone between sealing
zones.
22. The sprue apparatus (51) according to claim 1,

wherein the sprue bushing (52) further includes:

25
thermocouples in mounts (12Z2a, 122b and 122c)
located along its length for housing thermocouples
that provide, in use, temperature feedback of the
thermal conditions along the length of the sprue
30 bushing (52) to at least one controller that controls

thermal settings of the thermal regulators.

23, The sprue apparatus (51) according to claim 1,

wherein the sprue bushing (52} includes:
a narrowed portion in proximity to its second

end to enable rapid temperature changes in the

molding material.
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5 20. The sprue apparatus (51) according to claim1,

wherei n sprue bushing (52) further includes: an

extended circular spigot ring portion (88) at its

second end with an outer surface that provides 10 the

second isol ati ng coupl er connection interface (74).
24.21. AThetspeluefapparapdsingsihcatevrdiragutre ellanm &, sprue

pﬁMFgﬁﬂ sprue bushinh{rd dﬁ@iQ@%ﬁﬁl%5éﬁ¥¥‘géhfé%%% the

96¢C and 96d), | ocated al ong the I|ongitudinal axis
m%ﬁ%}@tmmﬁwww%ﬂ%# bevisel édtd veirjier system
of comidlaelilred,adhe feat erss )pr adding Hde cduprctd oty ofha
Ste}herqpl regul ator for selective heating 20 of at | east
e condi ti oning zone between sealing zones. 22. The
sprue apparatus (51) according to claim1, wherein

:Egr frgz:gﬁ: es | n @E é%{%%@wlrzb% and Hiag]2 z)onef oc(a%l’d

al ofAgri t3 |éﬁ@thhﬁérSﬁ@mgnﬁgtbﬁeﬁﬁﬁ@@upp@grathat (51}

proyideg kBsusengtBNPEhAt Yra-heedbagk Qenégelnkhaaﬁﬁh
condi ti ns alggggthe | ength of the sprue 30 bushing

(52?056 &t SFé oﬁ%neoﬁﬁﬂb|FsﬁttﬁBFO@Bﬁﬁﬁﬁﬁsa PREFAEI
settbngsCaﬁohhenthefaab negulahars mé8t dhetspbueion

51 I 1 wh t
28?3%9%8 %ng)f2§§ |nc uaes %§gg§}HSr?SR§%SE8FtRgﬁ)fn
proximty to its second end to enable rapid

t enper at ur g, £f | n'cﬂqe%'}?r ARl ding nat erﬂegjulaztsofsd' (LY,

met hod of contTol e tenperature along a sprue
apparat 88’ ( 52y Fﬁgaé@BiﬁanééemFﬁﬁP@FaFH¥Q thathe

conpegtsitihe ofethedigl @bnashachine nozzlie (48) with
the runner system of a nolding apparatus (26), the

met hod conprising the
operating a controller for driving at least a

subset of the thermal regulators based upon
temperature feedback from their respective thermal
zones and a desired temperature setting, said
controller driving said thermal regulator in said
nozzle sealing zone (zl) to maintain a temperature at
the mold connection interface (94) below a liquidus
temperature of a molding material that provides a

leak-free connection with a machine nozzle (48).

25, The method of controlling the temperature along a
sprue apparatus (51) according to c¢laim 24, further

comprising the step of:

configuring at least one of the plurality of
thermal zones as a conditioning zone (Z2 and 23)
located adjacent the nozzle sealing zone (2Z1),
wherein the molding material within the encompassed
melt duct portion (8% and 89%c) is maintained at any

desired processing temperature.
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5 steps of: configuring a plurality of thermal zones
(zl, Z2, Z3, Z4) that segnent the sprue apparatus
(51) along its length, the plurality of zones
including a 10 nozzl e sealing zone (zl) that
enconpasses a nozzle connection interface (94) and a

26.mel theusetipodt pHncoiBBa) lavgat her sémeadabhréhelspgue

sprﬂ%p%%gg%%th 1>519°%f%%&%§@% Qe gr; %f@% therml.

regufators for Tegul ati'ng the

incigppadat-dee SU8t I9e: plurality of thermal zones;

27.

operating a controller for driving at |least a subset
of the thernal %F}ators based upon 20 tenperature

f eedback F¥dmh PESp &t iVE el 1ty

desi@@@steﬁp&rayuIEngetbm@g(zsalmocaeeﬁr@tlehedséubﬁg
Sa‘dn%he£”Ph regulator,Ln, sald, PZf %ﬁa'&ggt%oTﬁ
(zI% o mar Atafha”t ehpera ure a Fd-2onnéc
inté@tm@91@94¢fbelbuﬁalitqdlDhsgzeftenﬁedafueé mblalng
erjal..t Ldes I n n
B e L et Sl
controlllng the tenperature along a sprue apparatus

(51Th@0@@fﬂbﬁgcfOc§h@tﬂlzﬂngfHﬁéhﬁém§@r§6395|§E6ﬁgtﬁe

step of: configurin |.east one of e plurallty of
ST ROPRRE Zonds (o n AT oni S (25 B 2
sprh@capgéradmacamﬂ t Hamozzl drsdaldgxg zone (Zl) 35

28,

wherein the nolding material within the enconpassed
melt duct portion (89b and 89c) is mamintained at any
desired prouessi dgy strameer @dir 1028 P 6y thher reet hicth ofting

CO”&&Q&&&PQ the EﬁQPeiéégif ahongyds: Sprue apparat us
(51) accordlng to claim 25, further including the

step of: 5 configuring one of the plurality of thernal
zones as a cychi AgoAONBo(1€4hgl 06at edcahethedsaeonda

end of t he p}.rnuge J_rpsﬁéaa}:rtat Lgs6)(,5]‘f?lr1ef ocrocglhlenc;jcO;LnrgsreolltI eFSG
providing the function of a thermal regulator
for selective cooling of the nozzle sealing

zone (Z1).

The method of controlling the temperature along a

sprue apparatus (51} according to claim 25, wherein sprue

Dbushing (52} includes:

29,

heaters (96a, 96k, %6c and 9%96d} located along
the longitudinal axis of sprue bushing (52) and may
be selectively contrelled, the heaters providing the
function of a thermal regulator for selective heating

cf the least one conditioning zone (Z22 and Z73).

The method of contrelling the temperature along a

sprue apparatus (51) according to claim 26, 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
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formation of a localized plug of solidified nolding
material in an enconpassed nelt duct portion (89d).
10 27. The nethod of controlling the tenperature al ong
a sprue apparatus (51) according to claim25, wherein
the sprue apparatus (51) further includes: 15 a sprue
seapigri Agnesepnhoased wit ke sncildobariong (€dupl &he( 53)
shethat bbﬁ@h&tl995@@@§ngatB%0%hnE%Q%hn%f(é4kh%9&ﬁ§0ted
with a cooling insert (56), the cooling insert (56)
reggbappPhyi di ng t he functlon of a thermal regulator for
sel ective cooling of the nozzle sealing zone (Zl).
28. The nmethod of controlling the tenperature along a
25 sprue apparatus (51) according to claim25, wherein
sprue bushing (52) includes: heaters (96a, 96b, 96c
and 96d) | ocated along the |ongitudinal axis of sprue
bushing (52) and may 30 be selectively controlled,
the heaters providing the function of a therma
regul ator for selective heating of the |east one
condi tioning zone (Z2 and Z3). 29. The nethod of
controlling the tenperature along a 35 sprue
apparatus (51) according to claim26, wherein the
i sol ating coupler (53) provides a thermal conduit for
heat conducti on between the cool ed nol di ng appar at us
(26) and the second end of sprue bushing (52) within
a second 30 sealing zone contained in the cycling zone
(zZ4), the thermal conduit providing the function of a
thermal regulator. 31
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