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100100" m1 11 11 21 11 111 5 AUG 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 direcf®% to an inproved injection nozzle for a netallic
material injection-nolding machine and particularly a netal alloy

I nj.ection nacNN@HMU@WHMHﬁEUND OF THE INVENTION In netal lic magerial

I njection tec acing surfaces between the nozzle HH”%HEDSprue
bushing on the nol'd have been nachined so as to be conpliant with one
anot her and designed so as to have substantial surface contact. In this
design it was assuned that the carriage cylinders could %%%ﬁﬁfufficient
pressure to the nD2AYERD INIECTEAN NPZ3LE, AQRark MEGALLRE J64 t he sprue.

bushi ng. However, it has beasyyegrscnveseskNd MacerqR When t he hi ghest
acceptable force is applied at the interface between the nozzle and the

sprue bushing, it is insufficient to. prevent sone parting at the
interface. This parting at the ogtgitbacereregtes a build up of injection
material on the surfaces of the interface with the ultimate result that
the interface may fail to seal and permt the | eakage of the injected
materi al wWrhb poseéntreieaitdshr 0phicré®sed 1t an improved injection

nozzle for a metallic material injection-molding machine

and particularly a metal alloy injection machine.

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 is 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 between 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 wmight be £flat,
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has a sleeve interference fitted into a sprue bushing. The sl eeve

Unfortunately, it has been discovered that it is virtually
impossible to provide adequate clamping force to prevent
separation between the nozzle and the sprue bushing when
injecting metallic material, particularly material in a
thixotropic state, because such very high pressures are
involved and the reactionary and dynamic forces reach such
high and relatively uncontrolled 1levels 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 against the bushing to ensure positive contact

between the sleeve and bushing.

Japanese Patent 11048286 to Japan Steel Works Ltd. 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. 1In
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 the present
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5 AUG 2005 invention, which does not require that the nozzle be
in facing contact with the"HRARYSOMMVERY BEENEEINVENTI ON The pri mary
of the invention is to provide a nozzle to sprue bushing
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t he inventitde iigiestpeevefelein a netallic material injection nachine, a
seal between the machine nozzle and the nold that requires a mni

to be appl
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ied between the nold and the nozzle to maintain a seal
Another object of the invention is to provide, in a

‘metallic material injection machine, an injection nozzle
that may move relative to the sprue bushing without losing
sealing at the interface between the nozzle and the

bushing.

A further object of the invehtion is to provide, in a
metallic material injection machine, a seal between the
machine nozzle and the mold 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 injection machine, a machine nozzle and
sprue bushing to design 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 portion of
a mold, a sprue bushing mounted in said mold, said nozzle
engaging said sprue bushing when said metallic material is

injected through said nozzle and into said sgprue bushing,

mal force
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A yet still further object of the invention is to provide,
an improved nozzle and sprue bushing connection for a
metallic wmaterial injection molding wmachine, said sprue
bushing‘ having a first cylindrical 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 of sufficient 1length to permit
limited axial movement therebetween without a loss of

sealing between said surfaces.

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

together with one inside the other, wherein said close fit
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sealing surface, one of said first or second sealing surface being of a
smal | er dianeter 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 sa$$ hr ng, a
limted anount of netallic materi al enters said gap and SO cfr es therein

{ to forma I sars%lt;ir r%trtagrqs second facesS € %fécr ent |ength
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portions fit cIoser together with one inside the other, wherein said

close fit 3a . t ween sai d portions, provides for a seal agai nst
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said nozzl e _and SR, dhbus 1 erfbacye fur%er Ogé ect .,of, the inventionis to
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channel por&tlﬁznle c%% ﬁlrlée)d sﬁ)r}%l%e g&gﬂﬁéd i nlaatg egls‘?‘tn o%e %%Ht]he Sprue
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one nozzl e PAUKIRN Hei el A0 ikgubed: hQaLer Bha gpPgbhesshetypeen during

-a nolding operation to
. and said at least one nozzle portion being also configured

to form a gap therebetween during a molding operation to
cause metallic material to 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, comprising: a
mold; an injection nozzle configured to supply metallic
material to said mold; a sprue bushing coupled to said
mold; a spigot disposed 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 therebetween during a molding operation to
cause metallic material to 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 sprue bushing
configured to interface with a nozzle tip having first and
second angled surfaces, comprising: a first sprue bushing
surface configured to interface with the first surface of

the nozzle tip; a second sprue bushing surface, angled
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cause netallic material to flowinto said gap and solidify 1in said gap to
forma seal. A yet further object of the invention is to provide, a
netallic material injection nolding machine, conprising: a nDId an
injection nozzle configured to supply netallic naterial t§ gol d; a
spr.ue bushi ng coupled to said nold; a spigot disposed in at east one of

i; said nozzle a sai d sprue bushi :and a chann di s ed in at, | east one
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surfaces, conprising: first sprue bushin ace configured to
i nterface v@%lhllt?neafmlsfil%rq%@tépn the Cﬁeézl setpplia watendlspgiaue bushing

surface, angl&d i3 oo thAGAR0AM 4 skREResh $9id R itbSkosRr Hesdutshi ng

surface, and configured to interface with the second surface of the
nozzle tip; and the first and second angl ed sprue bushing surfaces being
confi gured Aoyéer fuatpap bbgeeenothehfei risiventpbte iBudd ngrstildegces and t he
first nozzle ti surface dgrlngﬁ%tnn din eration to cause netallic

material t oY owT nfR-TH Y3t 8??91 % T&CGGEp ABFH Er P seal . A
yet furt herc@tﬂ:l@.tre@f tohdncrvéate onmitls 4 osgoneyittehiag hetvahgi £imst eri al

 bushi ng” havis bR S ARH fdd SRBLLINSH I ¢l ACRLEE LD @ oPrue

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 configured 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 Dby extending the

nozzle into the interior surface of the sprue bushing.

The invention provides an improved nozzle and sprue
bushing for a wmetallic 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
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and second angl ed surfaces, conprising: a first nozzle tip surface
configured to interface with the first surface of the sprue bushing; a
second nozzle tip surface, angled wth respect to the first nozzle tip
surface, and configured to interface with the second surf; @j@f Ehe sprue
‘bushing; and the first and second angl ed nozzle tip surfac gpﬂng

: configured to forma gap between the first sprue bushing surface and the
" first nozzl PYFHUr fAe thiur PREZES nmAdi BY oPeiiti opeeRRrIUSE Rl | i C

dmaterial to méddMictiatdigagametndesokhdi kurEdcsal ghosd (@ Eoe8z&s seal . The
-f or egoi ng ob%{g&ts ar.%sach}leved by extending the nozzle into the interior
surface of tH& P Bishrighe v ERRon provi des an inproved nozzle and
sprue bushing for a netallic material injection nolding nachine. The
sprue bushi . lindrjcal surface_apd..ithe nozzl e an.annul ar portion.
The annul ar n%(’)%]talﬁlc}%ngﬁﬁél g{foﬁé%ss'vw]’[nhfanmf’gﬁllcﬁl‘f i“?%reirc}gﬁ S FAEE R 0 provi de
a sealing. engbdjeyentmigéineen the $ujéatiorancazk@epojbinedwhen tdre nozzle
engages. the DURNNGy Thersed [ 3ee A LREPOIM 0oy Al fy OlnatlififLCL &Nt | ength
to permt limted axial novenent —therebefween W|t1 out a170ss 6f Seal i ng
bet ween t henftatHéenazyt paprteearoldiyncha peosvidedhbyr meddchpdeaf spriret ween t he
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materi al between the surfaces where it freezes  and provides the necessary
" seal . The i rRARHITSh Wi RS, mPRAbL et BRtekiatat &7 i anJerfedt Forougl di ng
' machi ne, anche)j@tuedbuadiabeihodnele tioRN THY @ekz08 Rasr gl spigdihe
i njection noldi ng nn%tﬁ%nﬁ a St[ftl qnary gl aten hal ding a portion of a nold
~,and a sprue PHUsMhg “oGRt eFFH the 1W5Pd. SThERHEYA e @nghlEs THESpr ue
o bushing. 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 metallic material to c¢reate the seal and
thereby prevent loss of metallic wmaterial through the
 interface between the nozzle and the sprue bushing during

an injection cycle.

The invention is useful in any metallic material
injection or casting process that requires a sealed.
interface between a nozzle and a sprue bushing. The
invention has been found particularly wuseful when

\ injecting metallic alloys such as
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bushing when the netallic material is injected through the sprue bushing
into the nold. The nozzle has a spigot portion which extends into a
channel in the sprue bushing. An outer periphery of the spi got fits into
.the inside surface of the channel so as to create a seal

surface and the periphery of the spigot or enable the netal lﬁ\t,tﬁ’ﬁgbﬂ erial to
create the seal and thereby prevent |oss of nmetallic material through the
“interface bergresiuthdasedzhélavel wirn spr tbebbbbkeigrehird mgatan inj ection
‘cycle. The invention is useful in any nmetallic material injection or
"casting process that requires a sealed. interface between a nozzle and a
.Sprue bushing. The inve®RI&Y PESCRERN AN W ThEr DRAWIBES Y useful when
injecting netallic alloys such as 3d AURUU nagnesi um based al | oys when in
the thixotropic state. BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is a

per specti veF¥&ewt afs tdﬂ@eimjpectcbveasjswtrbiy ther ingewebal assg¢waty ool di ng

machi ne wit resent . ci.nvention is e 2 |s a
Cross- sectlgnmlh# J;h acB:re secfll oA m?cg a° w}ltjzskéc% crés%é eFi'bt\/vn in FIG

1. FIG 3 isneesclhendts aseéplesentation of a prior art nozzl e and sprue
bushing interface as used in a netal injection-nolding machine. FIG 4A is
a plan view of the nozzle and sprue bushing interface in accordance with

t he present Fimvemt iign.a RefHsHidcs ianvicw tife therredctdeen iéB- 48 afhd he nozzle
and sprue bUShI i_nt egntt& IIustregI%d iln FIG 4A

asse own in

FIG. 3 is a schematic representation of a prior 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

sprue bushing interface illustrated in FIG. 4A.

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

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 cylinders 14 move the assembly 10
toward and away from the stationary platen 15 and clamp

the assembly 10 into place with the nozzle 13 in



FIG 5 is a cross-section of the sprue bushing and nozzle interface when
the nozzle is in engagenent with a sprue bushing in a nold on a stationary
pl at en. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to
FIGs. 1 and 2, the injector assenbly 10 includes an injectjon barrel 11
havi ng an extruder screw 12 for feeding thixotropic netall bc‘a%?@-’ﬁ al
toward a nozzle 13. Carriage cylinders 14 nove the assenbly 10 toward and

" -away from t peshativenasyoqiatiem LhGtand spanp bidieims senmhkytdd toat® pl ace

W th the nozzl.e 13.in 4 5 AUG 2w operative association with a sprue bushing
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novabl e pl atrervapiet p3hoen) (hot asimnrerinvel Imdanesn wel 1t Reowar in dhe bars are
connected to tthe tatébi onary pl aten_ﬁéS %t the four corners_of the platen 15
as i ndi cat ed@at 17 &aRd 5%t S EhEFPETECHr “on&henfLet i SRe PRI HEehnth t he
nozzle is iat the ifiuactdcanepeSbEi @Rei PlactERNDST akhahdiSatw®d | at kirpwn in the

art. The tie rs sure that_the pressure is applied uniformy to the
pl aten 15 arﬁil%?ﬁé’ ﬁgfed%r%ﬁn?%cF%%éPé&ﬁt_f‘ﬂnamm wheRt the BPEBISwe! | - known

in the art.isToirensd einfecidropdivmehalid G dmidal chad 0@ weitl, the
carriage cyl.inders 14 nove the barrel 11 towards the stationary platen 15
until the ndZ9"E 18 S fdperdei fde &RgagERERFewt PRt athpr BESBBEFE ng i n t he

nol d. Wien tie appzzé® Lhiengadps ddiechEShhlgbed hesCaidd ag@eCyhbT@ers 14
clanp the asserrblﬁ\g ],f;g:p' n position for injection of mnetallic material into
0

the nold. AMSRL TEQHr dB P8 THtMTesthate Stral@aovedl fpewn in

the art.

To enable injection of metallic material into a mold, the
carriage cylinders 14 move the barrel 11 towards the
stationary platen 15 until the nozzle 13 is in operative
engagement with a sprue bushing in the wmold. When the
nozzle 13 engages the bushing, the carriage cylinders 14
clamp the assembly 10 in position for injection of

‘metallic material into 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 11, heat
the metallic material to the desired injection
temperature. As the metallic material passes through the
head portion of the screw 12, a non-return valve 21
enables the metallic material to drive the screw 12 back
towards the injector housing 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



metallic material froma feed throat 19 to the nozzle 13. Heater bands 20,
along the length of the barrel 11, heat the netallic material to the
desired injection tenperature. As the netallic material passes through the
‘head portion of the screw 12, a non-return valve 21 enable e netallic
material to drive the screw 12 back towards the injector %u |’n@9522. Thi s
creates an injection charge of netallic material at the head of the screw
" -12. I n operstreyn,l2vetal |Simultbpeoasly gt el ad ad thixatrbpec &eggk t hroat 19

‘on"t he barr.el of the chi.ne.. The chips are transported through the
barrel 11 b%yt%éeex PUEE?T%@“&SAGP 98‘1553 § éﬁoi’?dan%‘es%ﬁeg‘neo‘ﬁ%?‘g heat ed
1o a thixotswffiicishat emethylibembeat 1l Bordsind@ckaeat Rds abesndnéded barr el .
When suffici etntt netallic materi gl fo]{ itﬁ‘l ection has ,beeg noved ast the
non-r et ur n R Ve PORECEEFBWALYS P heliSmAFEY LPortfaFleBydEh$th| ect i on
unit withi nfchﬂ'\ﬁ.ﬂmjtglctainlolinljeusiiﬁ@ ll.lﬂftttf)idlfﬂrﬁcﬁhet h@glaetaﬁhi Bowdtfial i Et 0
t he nol d. the . net i.,c material cool s, ver ui ¢ en it enters the
mol d it isA%%s‘é%t’rféJe%atha“th% TP CRLAr) FECRELET | IRCHethe r%‘}‘%lc%d‘\f'r ke t he ol d
as qui ckly mesc109%i biateadads dodlsenmifie dquiakial lwiRar tix cinddies np«l are

filled. To d his requires that the inpection piston be noved' quickly
forward durfg t HE | ﬁfec??%‘?flﬂ% e BBR4 V\hlﬁ L 6y caaterial hikh speed

and force naleatdd viatos difd i geld 58 Boldki1yhasneezkenisd kB G@nt@st with
the sprue bushing throughout the injection cycle even though the nozzle 13
~is  positi VISP diiféd A'd PRESprie tBEsAPHG Byt htlted rityedo ciitder 14
‘which, w theddiirddse ERES mtliﬁa_ééﬁﬁonarﬁs%%h 5O fddvlew r egh Stk APY
..separation between the sprue hushing
) forward during the injection cycle and with great force.
The high speed and force makes it very difficult to hold
the nozzle 13 in contact with the sprue bushing throughout
the injection c¢ycle even though the nozzle 13 is
positively clamped to the sprue bushing by the carriage
cylinder 14 which, with the tie rods and tie bars, are set
to fully resist any separation between the sprue bushing
and the nozzle 13. In practice, 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 cycle. Metallic material solidifies in
the nozzle in between each injection cyecle to form. a
cylindrical "plug". At the start of each injection cycle,
the injection cylinder 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 the plug. Eventually, the force from
the injection piston is sufficient to cause the plug to
separate from the nozzle and blow into the mold aleong with

the thixotropic metallic material. The injection piston




and the nozzle 13. In practice, it has been found that the nozzle 13 and
sprue bushing do separate during the injection cycle. Dynamc and inerti al
| oads are initiated at various parts of the injection cycle. Metallic
material solidifies in the nozzle in between each injectlgnq? cle to form
‘a .cylindrical "plug". At the start of each injection cycl A ®5i nj ection
cylinder is pressurized by hydraulic fluid which forces the screw to nove
 forward andxhndm@asestbhemoweegkumardn ahe thhaonnngmc ferakki cth@t erial in

front of th aﬁﬁ&%wﬁag bfhlﬂt? éﬁg )l %? 6 3 %b%éggﬁggiff?%ron1 t he

i njection pls on i°s "eufficient ?o cause mthe
nozzl e and Wieowtihet plugeloomves dlengomizilh 1hectdrvest repod IMEbatés C

material. The MU= t|o i ston 6 AUG 20m continues t ve forward and
the screw fglrces t%e metal 19 Zczj‘r?at Sr FEAUFRE o oQ‘E erﬁljil&‘guﬁfﬂgg thet™old is
filled. Vantdﬁﬁacpluglthavemetfnpnm&zzb&shin@reaMﬁ&sr&@dhbtiﬁﬁceﬁf whi ch
act on the J10: zIe go reduce the se E% qi the_ .interface with the
sprue bushlng OpdqGaPi TS S%R@iﬁ 8nI%%d: PIISg 1BhSF5*FDn at the
seal i ng |ntaafd‘a:¢1e candetiientc Anasgenbf| eekale Omatetahlic material . Anot her
significant |oad occurs when the nold is full and the screw comes to an
abrupt stop. The deceleration of the screw, piston, and netallic material

in front ofAﬁd&eles:crgewnlﬁicmte51caedﬂldddmal whehCefeORolfei BOEGI L Adl sprue
bushi ng col nection. The nozzle springs back and the sealing force is

reduced, at"™¥h&°IaHecPTRe tha™ UPEIFtﬁPeSERﬁ(9%9$1eﬁ?§H@§t°fT%ﬁ% causes
the metall iszremt, eplidtohp dekndta0micbahvesiat it s8ntf agesnef gthey nozzl e
~.and sprue bushlng

n creates additional forces on the nozzle and sprue bushing
connection. The nozzle springs back and the sealing force

is reduced, at the same time that the melt pressure is
highest. This causes the metallic material 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 surface 23 that substantially matches
the spherical surface 24 of the sprue bushing insert 25
over a predetermined angle. The sprue bushing insert 25
provides thermal isolation between the nozzle 13' and the
sprue bushing 16' so that the nozzle 13' 1is 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' provide a
complete seal so that the metallic material injected
through the injection channel cannot escape 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 starts to build
up on the sprue bushing insert 25 and nozzle 13' surfaces

which have been machined to exactly match. This means



As shown in FIG 3, the prior art nozzle 131 has a machi ned spheri cal
surface 23 that substantially matches the spherical surface 24 of the
sprue bushing insert 25 over a predeterm ned angle. The sprue bushing

insert 25 provides thermal isolation between the nozzle 131 and the sprue
bushing 161 so that the nozzle 131 is not excessively coolfe§lbyiFhe

~ bushing 161. Wen the nozzle 131 is brought into pressure contact with the
-sprue bushitipt,i myert tiBe, t hbebashnegt iors drdtvdlenamtienopzkde 131’ sudvi de a

“conpl ete s 0 .t he lLic terial injected through.the injection
channel can oﬁU%esbté%%én%r glrln %tg i% n‘flg?é]l ie%anlalcr?élnraneayeUﬁPogfeuﬁgPé?f/?das
indicated dhove ney nozzle 1Bid amprspr ububbibig nginseser.t 2hido separate

during thejnj ion c n Lic terial arts to ild up on
the sprue beu’1 .“%T"Fhs%% éﬁ“egn%n%lﬁkg Tﬁgﬁéﬁr‘?%%le‘fstbemﬁgﬁrﬁgg% Hen

machi ned t Eigidact |gonmetcdionThhgtmedhbe”? BoWlH Ph&S fhhl , oover Lleas; the
connection e 0 13" a sprue bushing.insert 25 wll fail and
have to be ﬁ%\gc@j%f&aﬂo eﬁéﬂ’zréejoran %rﬂgr%uéﬁﬁﬁﬁ Jr?l%eFY?W%i s is
expensi ve, Erd ridavd ec emsiurdpigeaihshi ngouhdebfacesshiant eit oFidd ndam

connection that either .would.not fail or at least would function properly
for many rmarneC?iLlr% EPV BT WL @ °PRESABI9% e and sprue bushing interface
shown in Figs. 4A and 4B provides such a connection. Wth the design shown

in Figs.4A 4B the npzzle 131/, ingludes a igot portion 26, which i
Irrgch: %Zd th%sQ g%e ‘???192‘?215F]6%W?'hén!sﬁFﬁg'ﬁsﬁPagl“%ha‘}ﬂ%el“‘IQZIZ.leth'éhloul dlef

28 on the inoZdldesld” spagodr poBRYidOt2@bUIhiagaiiRS malcheéntaceo 28nufy t he sprue
-~ bushi ng 16&5%“%&?% éﬂt JIE§¥%eb¥u%ﬁ?n r%ﬁgg£31 27. The 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% and sprue
bushing 16" can, in fact, move axially with respect to one
another without any dilatory 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
solidifies in this area and prevents any further ingress
toward the outside of the nozzle 13". The metallic
material on the surface between 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 of nozzle sealing failure has been

overcome.

Furthermore, there are a number of further advantages to

this design modification. For example, the nozzle shoulder



‘sprue bushing 16" and the surface of the spigot portion 26

applied through the carriage cylinders 14. Wth this design it has been
found that the nozzle 13'r and sprue bushing 16" can, in fact, nove
axially with respect to one another without any dilatory effect on the
process. Wiile the netallic nmaterial nay get between the t he
\?M‘m%ﬁj& nozzl e
13", it gets no further. The alloy solidifies in this area and prevents

"~ -any furthe?8 id‘ig:Sesmt nerdr dot e dmt slodeaof whehnokze| £ad8"29 Tole et al | i ¢

Tomoved w iR A GEF I8 BRochaF 3R0e A VS S0 o,

o /

Accor di nglayoiglead. hl@f stoptze changerun ﬂdmehﬂhgpdn@;ierthalkeomiee,orté]e pr obl em
‘of nozzle eqH] Iur%f@s egn ve icoma Furt erm)r here are a
nunber of er adv At ages to CThi QF A Ioht £ § %t‘?‘?) FofPEXanmpl e, the
nozzl e showslemgs EG'AUEbnrfuzahdnes:haﬂrtname?d ilsolheei rtheorttcﬁmztlewi 13r the face
29 of the _spr byshing 16 so t wear on these surfaces can be avoi ded.
of course,fléooms;){:r%l?e uﬁh A ?6 séF ﬁ?k%exfa?‘@tolr?é‘ §ﬁ8ﬁ/ﬁn %9 79 #E 3 can
be | ocat edstorulides edenbvs@ésJandmﬂhlcﬂgn&Gthéﬁnafluritslaﬂét'libﬁ[ mal |y isolate
the nozzle 13" fromthe bushing 16" if the separation between face 29 and
shoul der 28 provides insufficient thermal isolation. A variety of netallic

materi al s m&&aﬂl&etiynjoefCh\edamMLﬁgm&ﬂf@rlam@NmZBee, ingweved, ut gy Nazzl e works
particularly well net al o S su as magnesi um bhased al |l oys. The

nozzl e wi Irfé/"‘éll EBZ%?'I( Wﬁv%’fhel’: ﬁetr%ﬂz eI YR cRR RS W AT R b zi nc

based al |l oyith metal alloys such 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 that the invention is not limited to
the illustrations described and shown herein, which are
deemed to be merely illustrative of the best modes of
carrying out the invention, and which are susceptible of
modification of form, size, arrangement of parts and
details of operation. The invention rather is intended to
encompass all such wmodifications, which are within its

spirit and scope as defined by the claims.



FIG 5 is a cross-sectional view of an actual nozzle 13" in engagenent
with a sprue bushing 16" on a fixed platen 15. It is to be understood that
the invention is not limted to the illustrations described and shown
herein, which are deened to be nerely illustrative of the_best nodes of
“carrying out the invention, and which are susceptible of OAPLI®%ion of
form size, arrangenent of parts and details of operation. The invention
-rather is intended to enconpass all stearMaodi fications, which are within
its spirit and scope as defined by the clains. 9 ' AU G 2n05 CLAIMS 1. In
a metallic material injection nolding machine, an injection nozzle joined.
to an inj ecinan nedralélicohasarihl iinjjecition moldimg wmeghineg, a stationary

pl aten hol ding. a. pqr.tion of .a nold a sprue bushing,mounted_in said nold,
sai d nozzlea%n655§%69§a58256Fué°bﬁ§ﬂi5% %@mﬁ?%ﬁﬂﬁionngﬁﬁFFﬁc°ﬁaf%+$al i's

i nj ected throughjesdiidnnesziengnehchitieg sai d sprue bushing, at |east one of
said nozzle aqg sai d_sprue_bushing havin a spigot paqrtion, and at | east
the other ohe® Bt-*SA°EFY ﬁgiﬁ?% X & BpricepuhihdNEvi ng a conpl ement ary
channel foraesbrieebaishingh@sented iih e84 @ald, Spi got portion extends into
said channel, an outer geri hery of said spigot fitting wthin a surface
of said channef®h Z&ZF} cr%‘gﬂa@%%aﬁalﬁetw sEraliRg f abenangesdi d

periphery of sméthlSficgatateirial Aer Nidjscaehi Fhi8AgRMBANE AbzHBL ahhd C
material to , ) ,
- into said sprue bushing,
at least one of said nozzle and said sprue bushing having
a spigot portion, and at -least the other one of said
nozzle and said sprue bushing having a complementary
channel formed therein,
wherein, in use, said spigot portion extends into said
channel, an outer periphery of said spigot fitting
within a surface of said channel so as to create a gap
between said surface and said periphery of said spigot
that permits a limited amount of metallic material to
enter the gap and sclidify in the gap to form a seal
and thereby prevent loss of metallic material through
the interface between said nozzle and said sprue

bushing during an injection cycle.

2. The metallic material injection molding machine as in
claim 1 wherein said metallic material comprises a metal
alloy.

3. The metallic material injection molding machine as in
claim 2 wherein said alloy is selected from alloys of

magnesium, zinc, or aluminum.

4. The metallic material injection molding wachine as

10



enter the gap and solidify in the gap to forma seal and thereby prevent
| oss of nmetallic material through the interface between said nozzle and
said sprue bushing during an injection cycle. 2. The netallic material
injection nmolding machine as in claiml wherein said netallic materi al
‘conprises a metal alloy. 3. The metallic material injectiohA¥S Whg
machine as in claim2 wherein said alloy is selected from alloys of

- .magnesi um defimedriml ahaimnl #he¥hén netad| spigat epbatiom| endi saidol di ng

‘machi ne- as 10 5 ]A 2d005 defined | nhclt i m 1 erein_said .sg%%ot portion
and said CRAMMET afES ditEREPSRRE s8R t HARE duP M g an®R njt@dEFER " cycl e,
sai d spi gotcypold, osarhdssigaet Chautiedn aded f s26d t chammale axeé aftgeredative to
one another_a distance whi.ch. s less than the length of sajd spigot
portion. 5."Fhe %Jta;&l ¥ reﬁﬁqelérei rﬁoe&nieor‘”fmr?ﬁ}‘&irnﬁ ﬁg@ﬁﬁﬂgea’é’{u%ff ed in
claim4 wheless$ tmird tpi gehgphréf asnids spligat pepgidnsufficient to maintain
seal i ng between said channel and said spigot portion during an injection
cycle. 6. The netallic material injection nolding machine. as defined in
any ons.of Thai neetlal¥ic ormdemMiggei nreiaict ioapi GoLldpagt | @Bchsnéi spesed on
said nozzle, and erein .,said channel is fornmed in said sprue bushing. 7.
The netal | i%eﬁﬁ}ee%\?hﬁ" Fﬂf‘é‘&t o TS EA NG G HPHECks PFERCRed S Picl @i m 6
wherei n sai Tempzz| eswnfh Gaint spaue mdinthiing feeathay | Bekwdencogpienmentary
annul ar seal | n& faces provided pby a shoul der gn said nozzle and a face on
charnel an said spigot portion during an injection

cycle.

6. The metallic material injection wmolding wmachine as
defined in any one of claims 1, 4, or S5 wherein said
spigot portion is disposed on said nozzle, and wherein

said channel is formed in said sprue bushing.

7. The wmetallic 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 a face on

said sprue bushing.

8. An improved nozzle and gprue bushing connection for a
"metallic material injection molding machine,
said sprue bushing having a first cylindrical 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

gsecond sealing surface,

11 . -



said sprue bushing. 8. An inproved nozzle and sprue bushing connection for
a netallic material injection nolding machine, said sprue bushing having a
first cylindrical sealing surface and said nozzle having a conpl enentary
second cylindrical sealing surface, one of said first or second sealing
"surface being of a smaller diameter than the other, with Eh&DA¥"fitting
within the other, and a gap being provided between said first surface and
-said secorwhemdin thessur $at@, nogzhg Ianrengagedeiim vdeeid slmsghingzzlae i s
“engaged in saig, i | [ pi n f allic material enters said
gap and solidi rﬁé&} %?Oel?lnt t%fnf g‘%%agqg‘gaﬁa%s?g{{g&fiewgtergndgalsﬁc%% surfaces
bei ng of suffiandemolighdtiest ¢hpepimt tol ifnkrmed arbal mBYE@NEDLtst hemdbet ween

W thout a |oss,Q eal. et.ween said syrfaces. 9. The inproved nozzle
and sprue bush?enéoncd(s)n%le]!c |§% ab\é&ng!ef&neﬁu?%l%*e scm ge%tg} efh BR qhozzl e and
sai d sprue busimingd wtikér novehede chepkbaewtat ywhthmiltara seadd ngf f aces.
10. The inprowggiqggzkg and s$rqg b%ﬁpin% connection as defined in claim8
wherein said fIFst Sy PERdFFRar 241G Surface on said nozzle is of a

smal l er diameter than said second cylindrical sealing surface on said
Sprue Pushi . 11. _An inprovgﬂ nozz:e and sprue bushi ng connection for a
metal Thjection WBFarRg nBehFie, ré?ﬁugaiﬁuﬁﬁfﬁie‘ﬁ’ CEtEPRst3ur f ace
portion andietindd spi uelhimhisngwiaseim coaPl eRBREBEY aB1€C Ol B UsHaee
portion, . . .
_ 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 sealing surface on said sprue bushing.

11. An improved nozzle and sprue bushing connection for a
metal injection molding machine,
wherein said nozzle has a first surface portion and said
sprue bushing has a 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
wherein said nozzle can move axially within said sprue
bushing without 1losing sealing contact between said

nozzle and said bushing.

12. The improved nozzle and sgprue bushing connection as

defined in claim 11 wherein said portions are

12




said surface portions fit closely together with one inside the other,
wherein said close fit between said portions provides for a seal against
| eakage of a netal nolding material, and wherein said nozzle can nove
axially within said sprue bushing w thout |osing sealing contact between
'said nozzle and said bushing. 12. The inproved nozzle and SQigﬁ bushi ng
~connection as defined in claim1l wherein said portions are?* 543 G 2005
-yl indri cal eyl8nddfimali.nproved nozzl e and sprue bushing connection as
defined in claim12 wherein said first portion fits inside said second
surface portion of said sprue bushing. 14. A netallic material injection

nmol di ngBrrac'hheé]e irm;zrzjve:dandozspéueamlsmme Nbashin® apRalcAitidn CESPri sing:
a spigot por éon(ﬁonflguied to be gosed in at |east one of the nozzle

and the spr Sha*8 cifani |er oft i HtokfEghr PTG Be drEPosed in

at |east ofwsbie tshae@@reuenausﬂrf@c@rﬁbxtthannazzg@mS@ﬂxea%ulsﬁaﬁg.One spi got
portion and said at |east one nozzle portion being also configured to form

a gap therebetween during a nolding operation to cause netallic material

to flowaintm &atdlgﬁ@ aate sl didjectivnSadddag wachohe) acsgdd . adg. A
metallic materi al E{ectlon nmol di ng machi ne, conprising: a nold; an

i nj ection nd2Zi% n@uﬁ@&efgag?uﬁRRF§ﬁﬁﬁﬁ||Fempr181n9

a spigot portion configured to be disposed in at least
one of the nozzle and the sprue bushing; and

a channel portion configured to be disposed in at least

 :) - one of the sprue bushing and the nozzle;

said at least one spigot portion and said at least one
nozzle portion being also configured to form a gap
therebetween during a molding operation to cause
metallic material to flow into said gap and solidify

in said gap to form a seal.

15. A metallic material injection molding machine,

comprising:

a mold;

an injection nozzle configured to supply metallic
material to said mold;

a sprue bushing coupled to said mold;

a spigot disposed 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 therebetween during a
molding operation to cause metallic material to flow

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

13



material to said nold; a sprue bushing coupled to said nold; a spigot

di sposed in at |least one of said nozzle and said sprue bushing; and 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 beigg}igntigured to
"“forma gap therebetween during a nolding operation to cau¥ AMve i c
material to flow into said gap and solidify in said gap to forma seal. 13
T X 1.1 $2UK  Ietad et aleitertal er iajedtj@act ingndiwkdi pgchRABI NepSRs ue

bushi ng confiqured to interface wth nozzle tip _having .fiyst. and second
angl ed surpﬁﬁ PQNﬁﬁﬁﬁ¥§Fﬁ§g Of i* %Prgﬁ?%ewbﬁgh?nBOEE ?aEépcéﬂYpﬁﬁred to
interface fitdr tamel bershdsatidlbar sifrfhbesnoZzaheridipig:a second sprue bushing
‘surface, an I%d ith rqgfaﬁt ﬁo the first sprue bughhgg surface, and

confi gured o *RterfRic PRRIRE SEESRGSs ¢8U5FY e ndBEPELRGD;  and
the first and sedandthsgE eds s pauier dues biEnghs uidacrs digi;ng configured to
forma gap between.the fir bushi ng surface and the first nozzle

t sprue _
tip surface BEFPRY §pﬁBFd§W§th8r§PF5ﬁcFo CRFLedndtidhy i tesnadterfl to flow
into the gap andhsolfididty éprnsai Busigia®y tOufd8,a 588l codfightrsPrue bushing
according to Clain11%, wherein the first sprue bushing surface conprises a
cylindrical | y- sHESEFT2EGr FAER, PAH S eFRIbi Tt RESs 8€ofiliesBPE&L DU hg sur f ace

conpri ses an anpgldar - shaped surface.
the first and second angled sprue bushing surfaces being
configured to form a gap between the first sprue
iﬁ o 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.

17. A sprue bushing according to Claim 16, wherein the first
sprue bushing surface comprises a cylindrically-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 surface.

19. A gprue bushing according to Claim 16, wherein the first
sprue bushing surface is substantially parallel to a
sprue bushing longitudinal 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



18. A sprue bushing according to Claim 16, wherein the first sprue bushing
surface is angled at substantially ninety degrees wth respect to the '
second sprue bushing surface. 19. A-sprue bushing according to C aim 16,
wherein the first sprue bushing surface is substantially pgjgdjégl to a
‘'sprue bushing | ongitudinal axis, and wherein the second sprls i ng
. surface is angled at substantially ninety degrees with respect to the
-sprue bushi apriengivshdngalsurdeice. 9. cénfpgecedushi dpweccar dimad lee C ai m
16, wherein [ 4 ushing surface is_cqnfigured to _have a
smal ler | arlégge%utggﬁe%i g?rg{'%rge?hgﬂagn Fnsite g (ﬁlagré‘?r&'%t%’f ?ﬁet irst
nozzle tip SursacezZle tApnstaFace. material injection nolding machi ne
nozzle tip configured to interface with a sprue bushing having first and
second angl ed surfaces, conprising: a first nozzle tip surface configured
to int@lfacd wethllibembfesiakuidpodiah trivd dpouendohihiengozaleecapd nozzl e
tip surface ith respect to.the first nozzle tip . surface, and
confi gur ed FSRP%‘F%? ace 1vﬁett r%taﬁg %’é%gn Sur %c%u%rflq%élag’ﬁfﬁeflﬁﬁghi ng; and
the first aaddsseond anglled norfheed )| prowrfiadas:being configured to forma
gap bet veen_t §rg' rst.SpLue. bushi ng _sur fg%ce ang E:he first nozzle tip
surface dufi ng 8 ndCdrhg &p8r AN GATFo CRGIT B alPi dRtREFBFFAMIEB 1 ow
into the gap andclselfiidisfity sunfaaédof gafe tspriuer Bushseq} . 22. A nozzle tip
according to daim 21b V\@ergi.n theffi rst ni)zg[l e.tip surface corTBri ses a
“cylindrical ?y-Sgﬁngdn 2zie C1lp surrace, 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
configured to form a gap between the first sgprue
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.

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 1is 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

15



'Claim 21, wherein the first nozzle tip surface is substant

surface, and wherein the second nozzle tip surface conprises an
annul ar-shaped surface. 23. A nozzle tip according to Caim2l, wherein the
first nozzle tip surface is angled at substantially ninety degrees with
respect to the second nozzle tip surface. 24. A nozzle tip qggﬁ %@gg to

™ é rallel
to a nozzle tip longitudinal axis, and wherein the second nozzle tip

-surface i s mespeatt alo shbshantlaldip rliometiyudegacesxig th 15 AUG 20M r espect
~to the nozzle tip longitudinal axis. 25. A nozzle tip according to Caim?21

22, wherein the first nozzle tip surface is configured to have a snaller
i nsi de2s5di anehezzldan@naoideling aret@aiel 2uhef, i Whkrephuenebashsng

‘surface. 16

N

~

nozzle tip surface is configured to have a smaller inside
diameter than an outer diameter of the first sprue

bushing surface.
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