8 April 2005 | MPROVED | NJECTI ON NOZZLE FOR A METALLI C MATERI AL | NJECTI ON
MOLDI NG MACHI NE TECHNI CAL FI ELD The present invention is directed to an

i nproved injection nozzle for a netallic material injection-nolding
machine and particularly a nmetal all‘oy injection nachine. BAGKEREUND OF
THE INVENTION In netallic material injection technol ogy the facing
surfaces between the nozzle and the sprue bushing on the nold have been
‘machi ned so as to be conpliant with one another and designed so as to have
substantial surface contact. In this design it was assuned that the
carriage cylinders [ 1 r o]
prevent it from part%igg%? %‘J%%&fr@%g%rﬁug&%ush éﬂl&&ﬁo@\g%/éﬂr!ﬁﬁlt ha
been discovered that even when Iﬁuﬂ¢tqmeaDLDaNGemieﬂﬂNEfcwce i's applled at
the interface between the nozzle and the sprue bushing, it is insufficient
to. prevent sone parting at the interface. This parting at the interface
creates a build up of injection mat eECBNICRL tRIELDSuUr f aces of the interface
with the ultimate result that the interface may fail to seal and permt
the | eakage of the injected material with sonmetinmes catastrophic results.
In the prior aThe desisgms, inNention nip ghicrestteyl bet aeeimpiwved doascbionhe
nozz| @ and Lhe.SPIUP DUSTLNGerai r JoRL00PEL CinybdIRkand1bbR PRSERLNE
forces applledrl e carriage cy ers and remain In p05|?|ve seal i ng
contact thr ou@m@ma@wﬁprév&n@%ﬁhéﬂd@a’l énj gl omiMasyisgrf aces of the
nozzl e and the sprue bushing mght be flat, 1 8 April 2005

BACKGROUND OF THE INVENTION

In metallic material injection technology the facing
surfaces between the nozzle and the sprue bushing on the
mold have been machined so as to be compliant with one
another and designed so as to have substantial surface
contact. In this design it was assumed that the;carriage
cylinders could apply sufficient pressure to the nozzle to
prevent it from parting contact with the sprue ‘bushing.
However, it has been discovered that even when the highest
acceptable force is applied at the interface between the
nozzle and the sprue bushing, it 1is insufficient to.
prevent some parting at the interface. This parting at the
interface creates a build up of injection material on the
surfaces of the interface with the ultimate result that
the interface may fail to seal and permit the leakage of

the injected material with sometimes catastrophic results.

In the prior art designs, the mating geometry beﬁween the
faces of the nozzle and the sprue bushing were designed to
withstand the positive forces applied by the carriage
cylinders and ©remain in positive sealing . contact
throughout a complete machine cycle. The mating surfaces

of the nozzle and the sprue bushing might be flat,



spherical, conical or any other geonetric shape that would provide an:
acceptabl e area of positive contact. ‘The positive force applied by the
carriage cylinders to the interface :between the sprue bushing and the
nozzle was intended to overconme the reactive forces devel ogetbras 2405resul t
of the injection pressure generated, during injection and any dynamc

forces created gg.a, Lol doga1any SREIMAJ BISHEE, POTHESN. LA cChERPReNt s

of the nmachine “1hAvolved 1nh the Inj ion pracess.” U ately, 1t has
been di scover edronide i tan s agiceptably ~ argros$ifbl posdt providimtagsquates

cl anpi ng forcephe; plRYepbrcSeRAERAIdPMhPeL heeRalhe 072! ¢ futh-d he; Sprale .
bushing when 1injecting netallic material, particulTarly material in a

t hi xot ropi ¢ st aPeerfrsuBet¥eRth VBey SRIHR plusddnfesnar &hs nhoF2AR %A% t he

reactionary andng¥h@a CtboboescoR@ChEhsUeBachi eh apfcée! aéveamipeainaonirol | ed
| evel s t hat segara lon_ _eventual ]y occurs. Japanese publishe

Pat ent
Application 62088862. P& UEA® TEEIRE APECI AFESSH i e%&?t*i”‘ﬁ@gm@HFh’égt hat
has a sl eeve infectasrensed fahyedyhanic afsprae busdtiad).asThe séeelte of

‘conpresses agaipst _th ushin 0.,ensur i%&v contact t%%z gﬂ.%ge
sl eeve and busﬁ?ﬁg?aﬁg H%ggl §%éﬁ%t%%8§8g§% dmgggénSSteel wgs ttd. is a
further exanpl énebleedozy Itdiet hat ewkion qomidesge to have | eakage probl ens
when subjected to the injection pressures nornally associated with
metallic material injection. In that design, the nozzle has a projected
cylindrical paPefeRainatelynsdtt bysibgen digpovagrfchlatThid tifo VAFsURALY
surfaces formedngses Qe dd) provide adequate clamping force to prevent
separation between the nozzle and the sprue busﬁing when
injecting metallic material, particularly material in a
thixotropic state, because such very high pressures are
invelved and the reactionary and dynamic forces reach such

high and relatively uncontrolled levels that separation

eventually occurs.

Japanese published Patent Application‘ 62050062. to UEA
TEC:KK discloses a die casting machine that has 'a sleeve
interference fitted into a sprue bushing. The sleeve
compresses agalinst the bushing to ensure positive contact

between the zleeve and bushing.

Japanese Patent 11048286 to Japan Steel Works Lfd. is a
further example of a nozzle that will continue: to have
leakage problems when subjected to the injection pressures
normally associated with metallic material injection. In
that design, the nozzle has a projected cylindrical,part
that is inserted into a cylindrical recess in the mold.
The two annular surfaces formed on the nozzle and:the mold
are held in annular contact so as to maintain the nozzle
to mold interface sealed. It is the problem of maintaining

such a. seal that has been overcome by thef present



annul ar contact so to nold interface sealed. It is such a seal that has
been recess in the nold. on the nozzle and the nold as to maintain the
nozzle the problemof maintaining overcome by the' present 8 April 2005

i nvention, which does not require that the nozzle be in faéi Myitd®Pact
with the nDId SUMMARY OF THE | NVENTI ON The primary objective of. the

I nvention is t H&TP | | r &gﬁ tallic
material inj eg??%lgﬂno d?“rrlhglrkqnlzac clgenéeq%icgt LPequeﬂn%tn tI's.ﬁe&a‘@alllfé uér p%és ﬁ?he

i nj ection cycl achngt¢eirtasy) @éthorhe Heeldhvention is to provide, in a
metallic material injection machine, an injection nozzle that may nove
relative to the sprue bushing without |osin sealing at the interface

bet ween the nozzle and the buSHMRRY A”?JWF%%NVEH E&H of the', invention is
to provide, in a netallic mat eri al |nject|on nachlne a seal betmeen the
machi ne nozzl e nd t he t hat requ% farce to becﬁp

bet ween the mof aﬁElPﬁEYnSQEFEtf%Fnﬁ en 1%¥%§§éP“béﬁM€%ﬁ Phen ?urther
obj ect of the howeldi oo spri® hmshunga1nUenfac&eualblmww@ﬂéncamatareallon
machi ne, a mcpwgc@%'m%ladqqgswa%lﬂgs@hgg 121989801 nt gaglgeeaumg

require conta

the injection cycle.

Another object of the . invention is to provide, in a
metallic material injection machine, an injectidn nozzle
that may move relative to the sprue bushing without losing
sealing at the interface between the nozzle cand the

bushing.

A further object of tﬁe?invention is to provide, in a
metallic material injection machine, a seal between the
machine nozzle and the ¢§1d that requires a minimal force
to be applied between the mold and the nozzle to maintain

a seal between them.

A further object of the invention is to provide, in a
metallic material injecqion machine, a machine nozzle and
sprue bushing to desigh, that does not require contact
between the nozzle and bushing to maintain sealing between
them. '

A yet further object of the invention is to provide, in a
metallic material injection molding machine, an injection
nozzle joined to an injection barrel of. said injection
molding machine, a stationary platen holding a pértion of
a mold, a sprue bushing mounted in said mold, said nozzle
engaging said sprue bushing when said metallic maﬁerial is

injected through said nozzle and into said spruefbushing,



bet ween the nozzl e and bushing to maintain sealing between them A yet
further object of, the invention is to provide, ina netallic nmateri al
injection nolding machine, an injection nozzle joined to an injection
barrel of. said injection nolding nachine, a stationary pl @&&riholoding a
portion of a nold, a sprue bushing, nounted in said nold, said nozzle

engagi ng said spr shi »hen s$ajd Aet i ter] [ S0
t hrough said n%gz gagﬁdg+%?% saléfgﬁgﬁggbﬁé i%%?aégé#é%néﬁ%hfé Sﬁggfﬁ%ast.
one of said no2zlspimed spoxtispr.ueapdishEngla®®ri nghe actheyorngoref oaaidnd at

I east the othep,00¢e Ofarkfl daiB0Z)Q1ANBUSAL Sy SRIHE nBUSHT NGrlpAKBEL Ary
compl enentary channel fornmed therein, wherein, in Gse, said spigot

. | . go
portion extendShARR®L sficFMEHankkeredh ouwherepRri pifer 561 ¥HiH §Pigot
fitting wthinparsushacexednsaiihtehannal «8anasl, tan Chaaie pRrdppebet veen
sai d surface and, said, periphery of said spigot that permts a.limted
anount of netaFPFa S?&&&ﬁi CLiGIe K EP IR 1 a5fd° o?%%éfiﬁﬁq?eﬁhgogﬁi to
form a seal amd thesaebya pragyveertwkesssafd neirdlkkiecandt 4idlpertibheughof he

i nterface between.said nozzl.e and said sprue .bushin ring an.iLnjection
cycle. A yet st":’lallf1 o) gr %kba}tecf)elérf'ltf%egi ;ivléﬂnltl%iec%)in “’lmgo%q% pcr)%vi%gte:?ﬂg‘?\
i mproved nozzl emagedizprive dnishi nrecgapeendonoclbdify irettdld isepnabteEbah

injection bl dungeLReNLRg &?Aﬁdebiprgfeﬁmhhegfhaa@ MeBall{St mat¥liggr! ca
seal ing surface an sal d nozzl e~havi'ng a conplementary second cylindrica
seal i ng surfacéhrenghothegaiaterfage drettesondasdanorglesanflacaifeppguef a

snal | er di amet gf;shhag a&gaﬂgIyy‘in@gggibﬁrg§dygq fitting wthin the other, .

and a gap bei ng provided S
A yet still further objecf of the invention is to;provide,
an improved mnozzle and sprue bushing cdnnectidn for a
metallic material injedtion molding machine, said sprue
bushing having a first c¢ylindrical sealing surface and
said nozzle having a complementary second cylindrical
sealing surface, one of said first or second; sealing
surface being of a smaller diameter than the other, with
the one fitting within the other, and a gap being provided
between said first surface and said second sealing
surface, wherein when .said nozzle is engaged in said
bushing, a limited amount of metallic material enters said
gap and solidifies therein to form a seal, said first and
second surfaces being EQf sufficient length to permit
limited axial movement: therebetween without a Eloss of

sealing between said surfaces.

A vet further object of ‘the invention is to provide, an
improved nozzle and sprue bushing connection fof a metal
injection molding machine, wherein said nozzle has a first
surface portion and said sprue bushing hasja complementary
second surface portion, said surface portions fit closely

together with one inside the other, wherein said close fit



between said first surface and said second sealing surface, wherein when
said nozzle is engaged in said bushlng alimted anount of netallic
material enters said gap and solidifies therein to forma seal, said first
and second surfaces being of sufficient length to permt Blﬁﬂﬂé@oa&ia
novenent. therebetween mﬁthout a loss of sealing betmeen sai d surfaces.
vet further obbecheol g idwanthanphsyigepr syl de odt JqmnaYedenRagle. and
sprue bushi ng conne |on a et al |nject|on|nﬁ I ng nac I.ne, erein.
sai d nozzl e hasfaaf mesal @Qiﬁa@@ Tﬁ#@#kﬂi:aﬁ@dsam@r§ﬁﬂu§abdsﬁPﬁ§1%a§a%
conpl enent ary mé@&orkgcl%li&?acﬁlﬂlﬁrﬁ | QR @ S@lpFusUrhans nkor i emsut | tosiegel
together with one_inside the other, wherein said close fit 3a 8 Apri 2005
bet ween sai d pSPRILRE FRFAGeSoFyren i NoF&iRs PO 3k PSS - et al
nol ding material, and wherein sald nozzle can nove axially within said
sSprue bushing thout | o seal i ontact, bet ween sai d_nozzl e.gnd_said
rugthen, SF e

bushi ng. A yet l}’retthe B?e‘f i BV S8 proviQe PACVAREAT 1 ¢
mat eri al injechmaalht&dmngenmahlnmgeczibn arddisgr meadiisiei ngoigiteer Ande

apparatus, co X [ I ur I Spo at .
| east one of t gr nozz glgﬁdq%%grg%%%eggﬁ QE&Q 8% %Plﬁﬁﬁﬂ 2 EEQ?bQ :
configured to berdngposgmflgunﬁdlﬂnxﬁe dﬁ@n@ﬁeﬂhensBtuéeabushnﬁgoénﬁh@he

nozzle; said apoleast 5905 lqpétuﬁemaad Saaddj at Lrasie0NgoRezEh e
portion being also configure forma gap therebetween during a nol di

operation to é—‘aagég%@%l Fpcbraddepapetio ifl W i YRIF s AT ool BRE SBFPEI fy

in Sahd gap topl@hihg afal tnéd Nekzfdy tdera ol exdacdf drke dpivert ipeRtisnt 0
provide, a

and said at least one nozzle portion being alsoc configured
to form a gap therebetween during a molding opefation to
cause metallic materialgtb flow into said gap and solidify

in said gap to form a seal.

A yet further object of the invention is to provide, a
metallic material injection molding machine, compfising: a
mold; an injection nozzle configured to supplyimetallic
- material to said mold; a sprue bushing coupled:to said
mold; a spigot disﬁosed;in at least one of said nozzle and
said sprue bushing:; and a channel disposed in at least one
of said sprue bushing and said nozzle; said at least one
spigot and said at least one nozzle being configured to
form a gap therebetweén’ during a molding operation to
cause metallic materialstb flow into gaid gap and. solidify

in said gap to form a seal.

A yet further object of the invention is te provide, a
metallic material injecﬁion molding machine sprue bushing
configured to interface with a nozzle tip having first and
second angled surfaces,.comprising: a first sprue bushing
surface configured to ihterface with the first sﬁrface of

the nozzle tip; angled

a second sprue bushing surface,



metallic material injection nolding nmachine, conprising: a nold; an

I njection nozzle configured to supply netallic material to said nold; a
sprue bushing coupled, to said nold; a spigot disposed in at |east one of
sai d nozzle and said sprue bushing; .and a channel di sposed®iAprat 2P@Ast one
of said sprue bushing and said nozzle; said at |east one spigot and said

at least one ngzzle hobnd cq i ghredia. Topma gapntsr shatrren disd ng a
mol di ng operation to Eilse et a icnaterl to ow i'nto salqﬁgap and.
solidify in sebufimprad for anpestate nitkt thar tiesendbjdtase e $ention

IS to provi de,n@zzf?t@:iﬂﬂ GrlPteell @i r5Pi 8641 88coMY ¥l P GPrAe BREMEngUShI ng
configured to interface with a nozzle tip having first an second angl ed
surfaces, conpfRsfares PFinsstcosfigBredshe nfPr™s i 1Fke RESHEFGUFES EbrSt .
interface wthghhge f bugshisyr baceasé ahhe thezztiardd prozlsecons sprfiecdushi ng
surface, angled 3b, 8 Aﬁri , 2005 with respect to thg EEESt sgrue Pushing
surface, and EBRFFGUR elOTILTh BRGERECM T PWECs TESAG 86 r PAER HH the
nozzle tip; andilbheiddd Bheagdpsanansb binglfgd iapsaed byshitrg foguir hasesl bei ng
configured to forma gap between the first sprue bushing surface and the
first nozzle tip, surface during a nolding operation to cause netallic
material to fRowetntfurthergapiaatd sdl idid yinverddiod dgep to® poevwdeseal . A

yet further objgel, pf FRﬁtEQYEPt 109 b5 150 !%%Eg& hcHIBk! AdLz 1t efg al
i nj ection nol ding machi ne nozzle ti'p configured™to interface wth a sprue
bushi ng havi ngephf sgurethd s dgviedfangl wdtsurf apess wpmisiiging First
nozzle tip SULhACEecad ied Larkhteyf acmpthibhnbhea irad sWzkaeecop the
sprue bushing; a second noZzle tip surface, angle ) ;
surface configured to interface with the first surface of
the sprue bushing; a second nozzle tip surface, angled
with respect to the first nozzle tip surface, and
configured to interface with the second surface of the
sprue bushing; and the first and second angled nozzle tip
surfaces being cqnfigured to form a gap between the first
sprue bushing surface and the first nozzle tip surface
during a molding operation to cause metallic material to

flow into the gap and solidify in said gap to form a seal.

The foregoing objects are achieved by extending the

nozzle into the interior surface of the sprue bushing.

The invention provideé ‘an  ilmproved nozzle and sprue
bushing for a metaliic material injection molding
machine. The sprue bushing has a cylindrical surface and
the nozzle an annular portion. The annular portion snugly
fits within the cylindrical surface to provide a sealing
engagement between the. surface and the portion when the
nozzle engages the bushing. The surface ‘and the portion
are of sufficient length to permit limited axial movement
therebetween without a loss of sealing between them. The

actual seal may be provided by the close fit between the




with respect to the 'first nozzle tip surface, and configured to interface
with the second surface of the sprue bushing; and the first and second
angl ed nozzle tip surfaces being configured to forma gap between the
first sprue bushing surface and the first nozzle tip surfaderprduriongy a

nol di ng operation to cause netallic material to flowinto the gap and
solidify in sai %P” 0 r S h 0t.£00 ] regac ved by
extendi ng the By eél r?]thg t Izel (r?ll{%lér?ll%-r eoslfjr é{)]‘fggmﬁegg%]?%e@bgjghl Eﬂé@ The

i nvention provi H@’éa]ahlq m@@@lnm@ean&h@prswfasashwhgm ottafikeeaesic

material injecthiel pedidad tHBCREALssalRe stRrnue bushing has a cylindrical
surface and the nozzle an annul ar portion. The annul ar portion snugly

fits within the cylindrical surface to provide a sealing engagenent

bet ween the surfaeeimrshdite pebiiaesswhan & Iﬂetammzalmﬁkg@geintjhetbmhl ng
The surface and t£$ ortlo are of sufficjent ﬁgLrL1Lh ta er

axi al novenent PR J\7\3|‘="t ho @t alf‘?)ggtjo?nsé[hcf g béf’\?@s tFi%m aI;|'he
actual seal naylhﬁeq:)trmn dedrbylt e ctse inijecbebtmeemlidieg8 wprliine2005

bushi ng and the h t
bet ween the sur g%ééér\?%& éﬁ%tgbrggg%%?gepaa %5;32\9%1(]@:; ﬁ&ndegglgggrg Jé%%l The
i nvention provi deghing nncam'c@@atlm theaneyd alThenpeeelonengadad fgenaphide, an

i nj ection nozzl g,Lp{ ¢ QnaEhe' ’ﬂi %QE&@E‘ RQEE?ian 1Eh91 '[jgb‘é@&' eR-BRLE1 Ng

machine, a statlonary at en ng a portion o a sprue
bushi ng nount edtha FR@M‘bﬁhlﬂﬁe 1@62’2Féeeﬁ§h§esﬂﬂ?1é1%zp¥r]ﬁ’e ha§u§hﬁﬁg99\hen t he

metal lic materlgbrt&;ﬁ njwagted theeHgh {he SR UenhHabl ndid Ntdet heppebd. The

nozzl e has a splg ortion which extends intg a channel in the sprue’
sh 1n£ An outer periphery of the spigeot fits into

inside surface of the channel so as to create a seal
between the surface anﬁ;the periphery of the spigot or
enable the metallic material to create the seal and
thereby prevent loss of metallic material thrbugh the
interface between the nozzle and the sprue bushing during

an injection cycle.

The invention is wuseful in any metallic :material
injection or casting ‘process that requires é sealed
interface between a ﬁozzle and a sprue bushing. The

invention has Dbeen found particularly useful when

injecting metallic alloys such as




bushi ng. An outer periphery of the spigot fits into the inside surface of
the channel so as to create a seal between the surface and the periphery of
the spigot or enable the netallic nmaterial to create the seal and thereby
prevent |loss of netallic material thriough the interface beswgen t2hes nozzl e
and the sprue bushing during an injection cycle. The invention is useful
in any netallic material injection or casting process that requires a

seal ed i nterf awanssivachazehFdAcysanbien Eprithe BldMeRgoPTReSta%Rrenti on has.
been found particularly useful when .injecting netallic alloys such as '8
April 2005 magnesi um based al |l oys when in the thixotropic state. BRIEF
DESCRI PTI ON OF THE DRAW NGS PREEF IDESCRIPFAPNpREt TH2 RRAWNGF the inj ect or
assenbly for a netal injection-noldi.ng machine with which the present
invention is useful. FIG 2 is a cross-section of the barrel section of the
i nj ector assentiiE.sHows BnpFrepedtivd Giey pf hhechelratiay BEgeBBENt 88T on of

A Prior art  nOZAl& AN SUUORURH Athd MAGIALE AR B MBbent

i nj ection-nolding nma n view of the nozzle and sprue
bushi ng i nterfiaoentiocacterdssiost . W th the present invention.. FIG 4B is a
view of the section 4B-4B of the nozzle and sprue bushing interface
illustrated in FIG 4A FIG 5 is a cross-section of the sprue bushing and
nozzl e interfageGwhenicha nozElsesestion enjagbaebbrvgl hsackprmeot bukding in
aE Nggll:) Id NERIT g staf | oneg X glsgte mﬂly DL—;I;JQJHLQIR PESCR| PTI ON 0:. THE PREFERRED

FIG. 3 is a schematic representation of a pfior art
nozzle and sprue bushing interface as used in ' a metal

injection-molding machine.

FIG. 4A is a plan view of the nozzle and sprue bushing

interface in accordance with the present invention.

FIG. 4B is a view of the section 4B-4B of the nozzle and

gprue bushing interfacefillustrated in FIG. 4A.

FIG. 5 is a cross-section of the sprue bushing and nozzle
interface when the nozzle is in engagement with a sprue

bushing in a mold on a stationary platen. .
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIGs. 1 :and 2, the injector assembly 10
includes an injection barrel 11 having an extruder screw
12 for feeding thixotropic metallic material ‘toward a
nozzle 13. Carriage cflinders 14 move the aséembly 10
toward and away from the stationary platen 15 and clamp

the assembly 10 into  place with the nozzle 13 in




‘Referring to FIGs. 1 and 2, the injector assenbly 10 includes an injection
barrel 11 having an extruder screw 12 for feeding thixotropic netallic
material toward a nozzle 13. Carriage cylinders 14 nove the assenbly 10
toward and away fromthe stationary platen 15 and clanp the mssemdaby 10
into place with the nozzle 13 in 4 8 ‘April 2005 operative association with
a sprue bushing connected to a nold which is nounted between stationary

pl aten 15 and LPSHAFdNRe 2FPAEERE LDOWidHoRn FPFHe aPWRIRIRG SREMECkRBWRCi : t he

art. Tie bars ap® £QRE §& tRuhRRaShHatLONRr It & RineRy1p18tchhesfoug gorners
of the platen 15 as indicated at 17 and to the frame of the injection

machi ne when t HeowdZA @lateni dnpheshayekt 1w peritatonvsld -E0auRneR ERat s

wel | known in the ardie Herd | Srd GRS et N8 RIBREV Cp1hEeRPPS | €d
uniformy to the platen 15 and the nold nmounted thereon 1h a manner that

is al so wel |- krifwnthe foue egunerpo ofnddice pilajtent i6nagf indiapted attefial
into a nmold, thgy rt'h%gl%rtg Li ggeg e J@f&%%hhﬁapﬁ{ﬁ@'wﬂén towards,ibe

stationary platen 15 unti e nozz I's in operative engagenent with a
sprue bushing i¥sthe nbedinywehiehepopidzixire I8 nyagesr t keabushi Wgllt he
carriage cylin 4 o G e .g%se{gcg : | Sichien har Jhaipggiion of
netallic naterﬂg‘f&"llr%tlont e rratl)lltéc} r ot at%ﬁ%na ésﬂ(%l}?%etilggrgt gt S tﬁe screw
12 to nove netalsi eppatedi anffragmly feed tther oplationt 35 handoZAte mgld

Heat er bands 20 | engt f a : t e lLic
material to themc> estloep'gdélPe%eggl[ ?‘Lorpn %eﬁ%%?%fu%%ﬂ A%;t ﬁggﬁetwgl&?i ]élqgrra eHlaI
passes through the art. '

To enable injection of metallic material into a meold, the
carriage cylinders 14 move the barrel 11 towards the
stationary platen 15 until the nozzle 13 is in éperative
engagement with a sprue bushing in the mold. When the
nozzle 13 engages the bushing, the carriage cylinders 14
clamp the assembly lOé-in position for injeétion of

metallic material inte the mold.

A rotational source 18 . rotates the screw 12 -to move
metallic material from a feed throat 19 to the nozzle 13.
Heater bands 20, along the length of the,barrel;ll, heat
the metallic material to the desired injection
temperature. As the metallic material passes thfough the
head portion of the écrew 12, a mnon-return ?alve 21
enables the metallic ma#erial to drive the screﬁ 12 back
towards the injector houéing 22. This creates an injection

charge of metallic material at the head of the screw 12.

In operation, metallic material chips are fed in at the
feed throat 19 on the barrel 11 of the machine. The chips
are transported through the barrel 11 by the extruder



head portion of the screw 12, a non-return valve 21 enables the netallic

material to drive the screw 12 back :towards the injector housing 22. This
creates an injection charge of netallic material at the head of the screw
12. In operation, metallic material chips are fed in at the g hgad jhagoat 19
on the barrel 11 of the machine. The chips are tranzportefl througlh tﬂe o
barrel 11 by the extruder 5 8 April 2005 screw 12 and sinmultaneously heate
to a thi xot?/opisgrg‘f"a?% ARy FHHERcoMsREnbsabed | R ad ethisusdichetbher el .

When sufficiepy refealhdararmtiplidl $07 1686541 9P-0aS PRENLIRYEd PagL,the
non-return valve_21, the screw 12 is then driven forlward by an injection
unit within t h&YFhieteHometRidilsg mserdal nfett intretismalhaisc begnempukdi nt 0

the nold. As tpgstehal hbk- MatEH 1680kLS V@ﬁal%&k!ﬁ ‘M&eg&ﬂé&q %@E@%ﬁ the

mold it is essential that the netallic maferia i nj ect Into the nold

as quickly as PBEEFH ePXAmsiniECtémsupBithuithin P tinisfctibe mohdiage

filled To do bhiso EAGULECEns NALedNEd MASLIGR RLELORABCLARYCdL, ghLCK!Y
forward during the injection cycle and wth great torce. ~The hi"gh“speed
and force nake¥eFRlieT ymarerialul el hotxy abickilor zbteer] 31§ nesoesicthan t h

the sprue bushigqt houghoulesskhes L1 &don .hec! feeyeMd hougithe nozzle 13
is positively clanped to the sprue bushing by thé carriage cy i'nd 14
which, with thénjeeteddinemdtheenbads asarmisslly tae fpddsyblesist @nyto .
has been Tound TRaT. tFE reoy Tty ot 25 WRIedER G iddedentPate HOfS ng (e
i njection cycl eeqDyrear ¢hatd ther tirdleckdads @wirsrdmi beatmsieal' vauiokby part s

forward during the injection cycle and with great force.

The high speed and forcélmakes it very difficult to hold

the nozzle 13 in contactiwith the sprue bushing tﬂroughout

the injection cycle gven though the nozzle? 13 is

positively clamped to the sprue bushing by the carriage

cylinder 14 which, with fhe tie rods and tie bars, are set

to fully resist any separation between the sprue bushing

and the nozzle 13. In prégtice, it has been found}that the

nozzle 13 and sprue bushing do separate during the

injection cycle.

Dynamic and inertial loads are initiated at various parts
of the injection cycleﬁ Metallic material solidifies in
the nozzle in between :each injection cycle to: form a
cylindrical "plug". At the start of each ihjection cycle,
the injection c¢ylinder is pressurized by hydraulic fluid
which forces the screw to move forward and increases the
pressure on the thixotropic metallic material in front of
the screw, but behind‘thé plug. Eventually, the force from
the injection piston is.sufficient to cause thelplug to
separate from the nozzle and blow into the mold albng with

the thixotropic metallic material. The injection piston




of the injection cycle.. Metallic materi al solidifies in the nozzle in
between each injection cycle to forma cylindrical "plug". At the start of
each injection cycle, the injection cylinder is pressurized by hydraulic
fluid which forces the screw to nove forward and increases gt Bg-i1pfoRSSuUre
on the thixotropic netallic material in front of the screw, but behind the

pl ug. Eventuallg the force from the injection Biston Is sufficient to
cause the pl ugSPBEiRsar &% FMP¥R t ARIWREY | @ndnd tBROWAF¥RY tiRrces dtheong

with the thixQéeopiLfc MRitdiiaG ABEST LAL . mdD® it BCTdHRN M1t qe Qlﬁlé@r"
2005 continues to nove forward and the screw forces the netallic nmateri al

into the nol d BRER I Chhd NS depyepi Fhediozalfen 1EhETpRERS |xanndd fhecrdzzl e it

creates recoi |l whoekasor Wi €hedfbzolle LIS NFZLE tRe! SLULE tl%%ds‘aé' tpg |oad
at the interface with the sprue bushing. This reduction of sealing |oad

can cause sepatBEFBiRcR tHébBsehhengshriter fachingnd Tives coresgténn | ekage
of metallic makesinlg VL ek Ehgé'éfééi?éltatll gd aPCEHL S f},fgt Qﬁit@kgcés full

and the screw conmes to an abrupt stop. The decel eration Screw,
pi ston, and neRBf| ke monseaaent nleziate off mheattiewatmrdatles additi onal
forces on the nozzle and sprue bushing connection.. The nozzl e springs
back and the sealing force is reduced, at the sane tine that the nelt
pressure is higplewr shigng fdgasesload ﬂ@ﬂuﬂs|whamawéﬁi@b1ﬂ01beﬁklirand

between e seale faces, olbnkiccBozz! bl SRLye Bushis 1e@sat§g%tiﬁgiph§'¢ 3

the prior art nozzlie 1 as a nac rica ace
substanti al |y sexehepistoa, sphérme%ﬁlkmﬂ“Ma¢er241ointfmnn&pmﬁethHSBCﬂgwinsert

25 over a pregfg§¥ég'§ahf%qghgl ¥Q§c§£T&§ Pﬂgrgég£fé“gﬁ& e%éue bushlng
connection.. The nozzle springs back and the seallng force
iz reduced, at the same time that the melt pressure is
highest. This causes the metallic materiél to leak from

between the seal faces of the nozzle and sprue bushing.

As shown in FIG. 3, the prior art nozzle 13' has a
machined spherical surfaee 23 that substantiallylmatches
the spherical surface 24 of the sprue buehing insert 25
over a predetermined angie. The sprue bushing insert 25
provides thermal isolatien between the nozzle 13‘;and the
sprue bushing 16' so:'that the nozzle 13! +is not
excessively cooled by thé bushing 16°'. Wheﬁ the nozzle 13!
is brought into pressure. contact with the sprue: bushing
insert 25, the bushing iﬁsert 25 and nozzle 13' provide a
complete seal so thatl the metallic material ;injected
through the injection ‘channel cannot egcape from the
injection channel. Unfortunately, as indicated above, tHe
nozzle 13’ and sprue bushing insert 25 do separate during
the injection cycle and metallic material etarts to build
up on the sprue bushing insert 25 and nozzle 13' surfaces

which have been machined to exactly match. This means




‘provi des thermal isolation between the nozzle 13', and the sprue bushing
16' so that the nozzle 13" is not excessively cooled by the bushing 16'.
When the nozzle 13" is brought into pressure contact with the sprue
bushing insert 25, the bushing insert 25 and nozzle 13" previpdel @005

conpl ete seal so that the netallic material injected through the injectron
channel cannot escape fromthe injection channel. UnfortunateIY

i ndi cat ed aboviehat.heovaroAzme, 13heaﬁ9n§ﬁ¢E&PQnEﬂﬁWﬁfﬁ F&er 1025180 %eﬁﬁ?ate

during the injegtiqn Gycke 1aggr£n9,§§l Vit Bl er ifla Hadket $ot BebWbbdace® oOn

t he sprue bushlng I nsert 25 and nozzle 13" surfaces which have been
machi ned to exlrt|y mEvchno¥hls nakths SPIBeApPRPLIIDS5 IRt -ovERi8i S the

connect on belugelm e n9zal €14 AthuSRIGnRUSD! (01N acBSublL fai | and

have to be rep new nozzl e and sprue bushing insert. This is
expensi ve, andfimieaccmmnﬁnﬁﬂynaﬁéaﬁtew@bﬁé weuddsneablail oorf phglgast

connect | on t a6 4 e dPlbfl BRlpLal). By ahahfasbryOULdoEUTGH GOcBESPET |y

for many nore Injection cyc nozzl e and sprue bushing interface
shown in Figs. TH&A ncamileﬂfBalm ospuies bualling dossséarenshevrhinhBigesigh shown

i n Figs.4A and (?4]:{1?91% AR d%é%éu a 1 gldes g spigot portion 26, which is

machi ned to snug e sprue bushing channel 27. The shoul der
28 on the nozzle 1311 may or may not. abut against the face 29 of the.

sprue bushi ng 1 d he held e.hy d. e r [ oygh the
carriage cyllnéé%h %ﬁe aFFﬁg?hFEg eéggﬁ%i %%s%%%%n ggﬁ% ?ga%f%he nozzl e
13!'1 and sprueinblsdesnga I€pigran poribacké, nelvickaxialhachdineld rcesseuglro one

anot her mnthou% anngiégtgﬂg §££§§tb&ghfégaJﬂg%ﬂ%ﬁsnghH%E shoulder 28
on the nozzle 13" may or may not abut against the face 29
of the sprue bushing 16": and be held there by the:pressure
applied through the carriage cylinders 14. With this
design it has been found that the nozzle 13" énd sprue
bushing 16" can, in fact, move axially with respedt to one
another without any dllatory effect on the process While
the metallic material may get between the wall of the
sprue bushing 16" and the surface of the spigot portion 26
of the nozzle 13%, it gets no further. The alloy
golidifies in this area’ and prevents any further ingress
toward the outside of the nozzle 13". The ‘metallic
material on the surfaceibetween the sprue bushing 16" and
nozzle 13" is removed with the sprue when the molded part

is ejected from the mold.:

Accordingly, by this simple change in the shape of the
nozzle, the problem off,nozzle gealing failure has been

overcome.

Furthermore, there are a number of further advantages to

this design modification. For example, the nozzle shoulder



the metallic material may get between the wall of the sprue bushing 16"
and the surface of the spigot portion 26 of the nozzle 13", it gets no
further. The alloy solidifies inthi;s area and prevents any further
ingress toward the outside of the nozzle 13". The netal licermaterizabs on t he
surface between the sprue bushing 16" and nozzle 13" is renoved with the
sprue when the nolded part is ejected fromthe nold. Accordingly, by this

si npl e change2® rAgefe aHafessk thde gz AcBtarhepEBbF R B3°H102%1*F U4t | ng

failure has bgsn,OVELeRI®R; T&¥tHer WREE, Weler erarthasNWibaacel fdud her
advantages to this design nodificati:on. For exanple, the nozzle shoul der 8

April 2005 28aveidethot OheEEVTSE bed| FREBAL ZBSHAPEN g6 Eaddkeg B tPRE sprue

bushi ng 1611 g fhate wear ; Qnpihess suhf BEesofabedeon avmi desh &F spruse. a
sprue bushing insert |like the one shown at 24 in FIG 3 can be |ocated on
the end of spbuehinmshfhgtee fursheyr itharmeddynglsolatgoltdte B2 1025 e 1311

fromthe bushipg, 1fse IydifitiaSaRar akl pRe DELYRAIL A bedie@Ndragbosh doiq 28

provi des insufficient thermal isolation. A variety of netallic materials
may be inj ect ebdowbdeny 2eh@roNedenoknsuf f ivdRaverhermel nigodlas 1®Br ks
particularly well with netal alloys such as magnesi um based al | oys. The
nozzle will also work with other netal alloys such as alum num or zinc
based al | oys. AFv&riéiy sofa matedd-isepnbonddly iy dfe arlraccggl nezr¥etl811 in

engagenment with a s byshj 16"_,0n | xed en... 1d+1 L:&1Pe
under st ood t h&t"t ﬁzjgizg\g/én#fogﬁglgg'notth: i I?no%ée tgght?%eglarﬁggltlraﬁll%ns
descri bed andwshbwmeterlei allays Clsuahe as magnesium based alloys. The

nozzle will also work with other metal alloys such as

aluminum or zinc based alloys.

FIG. 5 is a cross-sectional view of an actual nozzle 13-
in engagement with a sprue bushing 16" on a fixed platen

15.

It is to be understood th:at the invention is not limited to
the illustrations describéd and shown herein, which are
deemed to be merely iliustrative of the best modes of
carrying out the invention, and which are suscepjtible of
modification of form, =E'.ize, arrangement of parts and
details of operation. The invention rather is intended to
encompass all such modifications, which are within its

gpirit and scope as defined by the claims.



deened to be nerely illustrative of the best nodes of carrying out the

i nvention, and which are susceptible of nodification of form size,
arrangenent of parts and details of operation. The invention rather is
intended to enconpass all such nodifications, which are w tshagrintHospirit
and scope as defined by the clains. 9 8 April 2005 CLAIMS 1. In a netallic
mat eri al injection nolding nachine, an injection nozzle joined to an
injection barrel of said injection noldi RBAM&hine, a stationary platen
hol ding a portion of a nold, a sprue bushing mounted in said nold, said
nozzl e engfging said sprue bushing when said netallic material is injected
through sai'd ndZ2zRemarRtlihiatesial shRirRCHigshirdding magtsingne of said

nozzl e and sai dnSRhYEcHIShi MV iREnea €81 BRL i PPELd 9k 3Rt ckeagigt he
ot her one of said,6 nozzle and salg sprue bushi ng having a conpl enentary
channel formed théRerRtiomardiding ReeBinesai d spigot portion extends into

said channel, japcQtiskaRed1RRRRYnOTa B G PRIYIbnf bLEtd NG, g thin a surface
of said channel so as to create a gap et ween said surface and said

peri phery of s&i 8P5pf gotshimgamopaiadt in #didimedd. anount of nmetallic
material to entek,the nd LAl fy Lo at seal d
Lall 1 leﬁgégﬂagysaqd h&eplgﬁeo tbgsﬁ% ! 3l 5o P

thereby prevent loss of netallic material throu eln ace between
said nozzl e and sBfE2bpiienatrisiflng dukijarted ithrevphosatgdchezzle Fihd

netallic naterialihgbeggi&ngﬁyyedbﬂghgagpine as in ;
at least one of sgaid noZzle and said sprue bushiﬁg having
a spigot portion, and at least the other one of said
nozzle and said sprué bushing having a complementary

channel formed thereiﬁ, |
wherein, in use, s=said épigot portion extends into said
channel, an outer ﬁeriphery of said spigot  fitting
within a surface of said channel so as to cre#te a gap
between said surface and said periphery of said spigot
that permits a limitéd amount of metallic material to
enter the gap and solidify in the gap to forﬁ a seal
and thereby prevent iqss of metallic material through
the interface between said nozzle and said sprue

bushing during an injection cycle.

2. The metallic material injection wolding machine as in
claim 1 wherein said metallic material coﬁprises a metal
alloy. '

3. The metallic material injection molding machine as in
c¢laim 2 wherein said Qlloy is selected from alloys of

magnesium, zinc, or aluminum.

4. The wmetallic material injection molding machine as

10




claiml1l wherein said netallic material conprises a netal alloy. 3. The
metal lic material injection nolding machine as in claim2 wherein said
alloy is selected fromalloys of nagnesium zinc, or alumnum 4. The
metallic material injection nolding machine as 10 8 April 2@0&%rdefdoned in
claim 1l wherein said spigot portion and said channel are di nensioned such
that, during an injection _cycle, sai'd spigot portion and said channel are
free to nove Sgfaneg iw| §LAVR fLovHRECHROERET SPUPSE aREE-HPR cANEsS21dss

than the |engt Bnghnsal dr&PidHend?bhb@Nsueh MR dTEL@b i1y MR Elingket DiweCt i ON
mol di ng machine as defined in claim4 wherein said spigot portionis of a
| ength suffici €HEleo ARLAt BPHISEaPPHELPet H@nS3EF doh edranfraai B spi got

portion duringngfei QkegiiPNre MG & oHe JRfakl 6 PRLeRhaL Whiegtion
nol di ng machine as defined in any one of clains 1, 4, or 5 wherein said’

spi got portionlegsdibposde dengahdohozaid srdmg@twhereier- sai d channel is
formed in said sprue bushing. 7. The netallic material injection nolding
machine as defined in claim6 wherein said nozzle and said sprue bushing
further irfcl ud8heonpetadhiar ymaperial:: Hedtign f aeédipgovimdeding aas

shoul der on Saldenzd! ¢naldadnl 46U o133 SL1RPIAIR PUS i1 o8 AN arpgoved
nozzl e and sprue bushing connection fior _a netallic material injection
nol di ng machi néenghd spfﬁésiﬁnﬂﬂrﬂpfyﬂﬁiﬂ;&imirﬁﬂﬁleygin@ﬁt@aﬁnseaﬁiﬁg,
surface and Sabﬂaﬂﬁé%'%a&&“”éyida gBE@%fﬂnﬂgf@Ignseﬁgggng an injection
cycle. :
6. The metallic materiali'injection molding machine as
defined in any one of :claims 1, 4, or 5 wherein said

spigot portion is disposed on said nozzle, and wherein

said channel is formed in said sprue bushing.

7. The metallic material injection molding machine as
defined in claim 6 wherein said nozzle and said sprue
bushing further include complementary annular; sealing
faces provided by a shoulder on said nozzle and é face on

said sprue bushing.

8. An improved nozzle and sprue bushing connection for a

metallic material injection molding machine,

said éprue bushing having a first cylindricalg sealing
surface and said noézle having a complementary second
cylindrical sealing surface,

one of said first or second sealing surface being of a
smaller diameter than the other, with.the one fitting
within the other, and .

a gap being provided between said first surface and said

second sealing surface,

11



cylindrical sealing surface, one of said first or second sealing surface
being of a smaller diameter than the other, with the one fitting wthin
the other, and a gap being provi ded between said first surface and said
second sealing surface, 11 8 April 2005 wherei n when sai d nezzde1imos
‘engaged in said bushing, a limted anmount of metallic material enters
said gap and solidifies therein to forma seal, sajd first and second
surfaces bei ngWBereif WEPBnSLENGI 726 Pér 19298 e dsaid abuspiRgrent

ther ebet ween Wi t hQuhj fed OSfoRht %ffahhélfhlﬁﬁfc"\ﬁ-@a&ei%ia(i Sef AL Ssa éﬂﬁ _
| nproved nozzl e and sprue bushing corinection as defined in claim®8 wherein

sai d nozzle and saré §plidibiehirpyain fer for® @deSe@dnplseFentargt anhdl ar

sealing faces. 1Qe.Jhe LUPEQUES BOZZL €oprNdy,$RELEeRUSLAG CORPEREIR 8S
defined in claim8 wherein said first”cylindrical sealing surface on said

nozzle is of a smaiméredi axbalrmevenentaitherebesnactyWinbevead ieasiaf
surface on said 5QEH@i?&?ﬁQHﬁkenl%aiénsﬁPP&ﬂ%ﬁd nozzl e and sprue bushing

connection for a netal injection noldi ng machi ne, wherein said nozzle has
a first surface portion and said sprue bushing has a conplenentary second

surface rti g, saj ag tigns fd og6LY; LQ9e Wi;th opg

I nsi de thgbo'ot her,E \/\E‘Igéi]éﬁ]gc{sai g)z(%?%seg‘??t é&%ﬁu\%ee%%%alllégpoﬁ}lﬁ%ﬁs lprov?des for

a seal agai nst defakede iof claist af wbedehy watdrirsizzle and said sprue
bushing further ‘include complementary annular sealing

faces.

10. The improved nozzle and sprue bushing connection as
defined in claim 8 wherein said first cylindrical sealing
surface on said nozzle is of a smaller diameter than said

second cylindrical sealﬂng surface on said sprue bushing.

11. An improved noczzle and sprue bushing connection for a
metal injection molding:méchine, | :
wherein said nozzle has a first surface portion .and s=aid
sprue bushing has Ea complementary _second surface
portion,
said surface portions fit closely together with one
inside the other, | | '
wherein said close fit between said portions provides for
a seal against leakage of a metal molding material,
and . I
wherein said nozzle caﬁ'move axially within said sprue
bushing without 1osing sealing contact between said

nozzle and said bushing.

12. The improved nozzle and sprue bushing connection as

defined in claim

11. wherein said portions are

o 12




and wherein said nozzle can nove axially within said sprue bushing w thout
| osi ng sealing contact between said nozzle and said bushing. 12. The

i nproved nozzl e and sprue bushing connection as defined in claim1l11l
wherein said portions are 12 B April 2005 cylindrical. 13. Thepiinpinved
nozzl e and sprue bushing connection as defined in claim12 wherein said
first portion fits inside said second 'surface portion of said sprue

bushi ng. 14. AS f&PF?Eaﬁaterial i nj ection nol di ng machi ne nozzle and
sprue bushing interface apparatus, conprising: a spigot portiion configured
to be di sposed hn at_least one of the nozzle and the sprue bushing; and a
channel padrti ofPEonf FREPERF t FBELE spBdedBiNeat PERIRT oFRNISICHLRE SBBuUe

bushing and thaefezghe;ibaicdadh | £AStyHRAQi8PI 801g PRLLEN 1t§<53dcﬁﬁu! degt sl east
one nozzle portion being also configured to forma gap her ebet ween
during a nol di A§Seperaridree@reagielapptrerticometepraft sRryd dwshing. sai d
gap and solidify in said gap to forma seal. 15. A netallic nmateria
injection nolding machine, conprising: a nold; an injection nozzle

confi gured4%-o SupSitPlhdcampreriagdht &pjedtian Juedldimel sachinpr nezblshang

coupl ed to sai ol dinah 20} %k HiraBR5E A Al | 888D O0Bg! Sai d nozzle and
said sprue bushing; and _ L
a spigot portion conflgured to be disposed in at least
one of the nozzle and the sprue bushing; and
a channel portion configured to be disposed in ét least
one of the sprue bushing and the nozzle;
said at least one spigoﬁ portion and said at least one
nozzle portion beirig also configured to form a gap
therebetween during .a molding operation to cause

metallic material to:flow into said gap andisolidify

in said gap to form a seal.

15. A metallic material: injection molding ‘machine,

comprising: '

a mold; :

an injection nozzle Edonfigured to sﬁpply metallic
material to said mold; '

a sprue bushing coupled to said mold;

a spigot disposed in atfleast cne of said nozzle:and said
sprue bushing; and

a channel disposed in at least one of said sprué bushing
and said nozzle; . '

said at least one spigot and said at least oné nozzle
being configured to Iform a gap therebetween during a
molding operation to'éause metallic material to flow

into said gap and solidify in said gap to form a seal.

' 13




a channel disposed in at |east one of said sprue bushing and said nozzle;
said at | east one spigot and said at |east one nozzle being configured to
forma gap therebetween during a nolding operation to cause netallic
material to flow into said gap and solidify in said gap tosf g a@oseal . 13
8 April 2005 16. A netallic material :injection nolding nachi ne sprue

bushi ng configured to interface with:a nozzle tip having first and second
angl ed surlffaced, ®8RPpEILF ngrateFiadst 19grabioRls P iNg f FBENABAT | §OFER to

interface witRuLhe.di £shs SR & PTG AREZLELhi B ndz$860R¢pSRRYEnpUShI Ng
surface, angled wth respect to the first sprue bushing surface, and

configured to finserankessfand sngledcHfanashacemprisMInozzle tip; and

the first and gecendanglede SRAe i AYSNUIE F 8GOS JBi0 £ &0NTQYESEet O
forma gap between the first sprue “bushing surface and the first nozzle

tip surface duringwhthoit fgreperarfaee tof ddesaoretaltiRi naterial to flow
into the gap a d'S%(yfg‘gl Lﬁ?ellrde%i zg,%%ir%aps&ﬁafcg'm&gsl%@ -wilth fesSpLite byshing

according to aim e first sprue bushing surface conprises a
cylindrically-shapethes@ifatespand whehtns shefseeondndproafbagredgtaurface

conprises an annul af; shaned, %«tirtﬁuﬁ%%e :%ﬁc?ﬁasgﬁyfaéwﬁi rl:%ea%%‘%fz%”gigo G aim
sprue bus al 1y

16, wherein the first ing surface 1s angled at substantia
ni nety degrees witandespect to the second sprue bushing surface. 19. A

sprue bushing agcordi.ng ERdCEQEHL&Gaﬁ¥ﬂ§£eéﬁ&&é“%JéﬂEﬂg surfaces being

configqured to forﬁl a gap between the first sprue
bushing surface and the first nozzle tip surface
during a molding operation to cause metallic
material to flow ihto the gap and solidifyfin said

gap to form a seal{

17. A sprue bushing accordihg to Claim 16, wherein the first
sprue bushing surface .comprises a c¢ylindrically-shaped
surface, and wherein the second sprue bushing' surface

comprises an annular-shaped surface.

18. A sprue bushing according to Claim 16, wherein the first
sprue bushing surface is angled at substantially ninety

degrees with respect to the second sprue bushing éurface.

19. A sprue bushing accordiﬁg to Claim 16, wherein the first
sprue bushing surface ' is substantially parallel to a
sprue bushing longitudinél axis, and wherein the second
sprue bushing surface is angled at substantially ninety
degrees with respect to the sprue bushing longitudinal

axis.

20. A sprue bushing according to Claim 16, wherein the first

14



sprue bushing surface is substantially parallel to a sprue bushing

| ongi tudi nal axis, and wherein the second sprue bushing surface is angled
at substantially ninety degrees with respect to the sprue bushing

| ongi tudi nal axis. 20. A sprue bushi:ng according to C ai m apmhes®en the
first 14 8 April 2005 sprue bushing surface is configured to have a snaller
| arger outer dianeter, than an inside a dianeter of the_ first nozzle tip

surface. 21. ASREPS! IRUSHIRCerFHITASH et i GRNALIUISY KEcHaVE ndzsmalipp

configured to ilatrgetacmtert Riamspeye chushiag fHavidey 41 Asimedd second
angl ed surfaces, conprising:, a first inozzle tip surface configured to

i nterface mﬁthflfﬁéng??%%egﬁmﬁé%%fBFethe sprue bushing; a second nozzle tip
surface, angled with respect to the first nozzle tip surface, and
configured to interface with the second surface of the sprue bushing; and
the first dnd Sedtdldng BatRB:31 oinigrisinT Slipei mgchipaf ngarte £6Pform a

gap between thecheighrs&®rts iUSIHRG .weﬁasesaﬂgetmsﬁilx{%ﬁhaﬁfqﬁa ?inQ y
surface during a nolding operation to cause netallic nmaterial “to ow into
the gap and soPPdi f§crRd st edggprfacedr rAPIdaing22. A nozzle tip
according to Chaigdrdl nthenel nithesdifsk J&&%bﬁr&apééuﬁfr@%‘?fﬁegpaﬁ S.a
cylindrically-shaped surface, and wherein the“second nozzle tip surface
conpri ses an annul akb8hisbet swrtace. ob3then spepel dushpnaccording to aim

21, wherein thg fddc®hd nozzle tip surface, angled with respect to the
first nozzle tip surface, and configﬁred to
interface with the second surface of the sprue
bushing; and |

the first and s=second aﬁgled nozzle tip. surfaces being
configured to form a gap between the firét sprue
bushing surface aﬁd the first nozﬁle tip surface
during a moldingi: operation to cause Emetallic
material to flow into the gap and solidify'in said

gap to form a seal.

22. A nozzle tip according to Claim 21, wherein the first
nozzle tip surface comprises a cylindrically-shaped
surface, and wherein the second nozzle tip: surface

comprises an annular-shaped surface.

23. A nozzle tip according: to Claim 21, wherein the first
nozzle tip surface isf'angled at substantially ninety

degrees with respect to the second nozzle tip surface.

24. A nozzle tip according  to Claim 21, wherein the first
nozzle tip surface is substantially parallel to a nozzle
tip longitudinal axis, and wherein the second nozzle tip

surface is angled at substantially ninety degrees with




nozzle tip surface is. angled at substantially ninety degrees with respect
to the second nozzle tip surface. 24. ‘A nozzle tip according to C aim 21,
wherein the first nozzle tip surface is substantially parallel to a nozzle
tip longitudinal axis, and wherein the second nozzle tip surhmace i1dsangl ed
at substantially ninety degrees with :15 8 April 2005 respect to the nozzle

tip longitudinal axis. 25. A nozzle tip according.to Caim?21 22, wherein
the first nozZF8PEFp E%r?%ﬁx?qz§1€oH¥Pg%ﬁ%ﬁfQH9lﬁ§9eaél%nalIer i nsi de
dianeter than an outer dianmeter of the first sprue bushing surface. 16

25, A nozzle tip according to Claim 21 22, wherein the first
nozzle tip surface is cdnfigured to have a smaller inside

diameter than an outer diameter of the first sprue

bushing surface.
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