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Met hod TECHNI CAL FIELD 5 The present invention relates to an inproved
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channel :
thereby transporting high pressure, heated 10 nolten resin towards nold

cavi ti €Ml cycling,operation i thout [T &4k %égﬁ%g?woﬂzw’ﬁd
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mat eri al Qgﬁg@@ephgqgwgﬁyggmgggJgegggtyhen esi'gning an 1njection nolding
machi ne oLmaimehdl) €ction nold. For exanple,'a critical |eakage area in an

i njection nolding nachine is between the nachine's injection nozzle and
the nmold's sprue bushing. 20. Leakage comonly appears in an injection
nmol di ng machi ne between the manifold and the nold nozzles or at the
interface between the nold nozzle and the nold cavity. Injection nolding
mani f ol ds are usually nade of a massive runner 25 bl ock conmunicating with
the injection nozzles |located adjacent the nold cavities. Leakage of the
nolten resin material at the interface of the runner block and the
injection nozzle, for exanple, represents a major problemdue to the high
pressure of the heated, flowing nolten resin and the relative differential
30 thermal expansion of the materials which nmakes the runner bl ock slide

| aterally with respect to the injection nozzles. Sealing of the fluid
interface between the internal channels |ocated in the runner block or

mani fold and the injection nozzle represents, therefore, a significant
design problem especially 35 taking into account that the injection
process nust be stopped if |eakage occurs. The prior art teaches several
seal i ng nethods and el enents that have been devel oped, but these do not
satisfactorily solve the



40 | eakage problem especially at the interface between the manifold 1 WO
01/ 87570 PCT/ CA01/ 00258 and the nold nozzle. In addition, the prior art
al  ows | av@e1/87sonpr essi ve forces to be generated within theT/Canmlzsmn

mani fol ds, requjring the use_ of h| ck teel | at es _and uprer. structural
fasteners. 5 Knodl—ebStgnltoncep! Ferhitdcd Bﬁijgﬂas_ﬂae_ﬁ_ﬁﬂéll pre-1oad
in cold condition between the nmanifold and the nozzle. This small

pre-1 oad acconpani es the inhereTECGHRNGGMN| EHEIansi on of the nmanifold to
provi de sufficient conpression between the parts to 10 nmaintain sealing

bet ween the manifold and nozzle or between other channels in the system
dur$ ng Togeraitesnnt HHnEeaELoBhined attaso Tt Blne Levmpresdi 6rakésdl taPRarpiasti c
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i ncreagi; [E%otutﬁel aI%%I hood of | eakage. Several inprovenents to these design
concept's have bean (?evel oped that use different methods and neans to
prevent 25 | eakage of the plastic resin. US. Pat. No. 3,849,048 to

Bi el feldt (incorporated hehewtrRRYIND S5 MR ONvERWON hydraulically

actuat ed back-up pad that Takes—Uup the told ciearance to prevent | eakage.
This piston acts |like 30 a spring. Inside the housing is a second hydraulic
pi B% onawkiicAngdr ileescaddre wat verlsd ennotTheanazzbecbedy iizedt hmeaded, i nt@sihe
mani f ol dtl nsert and therefore thermally egginds | aterally when the

mani f offd T pands . - S TF052 pFoxitt43 of maffe M aul FESIEPEEo 13
heat ed imgrictdbd medrmsindhatatiiere 05 angriedteatisin afiold. For example, a

critical leakage area in an injection molding machine is between

the machine's injection nozzle and the mold's sprue bushing.
20 . Leakage commonly appears in an injection molding machine between
the manifold and the mold nozzles or at the interface between

the mold nozzle and the mold cavity.

Injection molding manifolds are usually made of a massive runner
25 Dblock communicating with the injection nozzles located adjacent
the mold cavities. Leakage of the molten resin material at the
interface of the runner block and the injection nozzle, for
example, represents a major problem due to the high pressure of
the heated, flowing molten resin and the relative differential
30 thermal expansion of the materials which makes the runner block
slide laterally with respect to the injection nozzles. Sealing
of the fluid interface between the internal channels located in
the runner block or manifold and the injection nozzle
represents, therefore, a significant design problem, especially
35 taking into account that the injection process must be stopped

if leakage occurs.

The prior art teaches several sealing methods and elements that
have been developed, but these do not satisfactorily solve the

40 leakage problem especially at the interface between the manifold
1



35 fire with this design after the seals have worn. U S. Pat. No. 3,716, 318
to Erik (incorporated herein by reference) shows a conbi ned
nozzl e/ rraw)imsum)ushi ng piece which is inserted through porCaanfss d from

t he unde e and |s 40 retai ned hr eaded back-up pad. This
constr l?c?t ¢ sMgL6h NE RS 01/ §'f‘57%d‘gﬁﬁ@01fcg‘62§8rl i sadvaitdgetus #RI¢ hat
t he nozx:ln@lmamaé y fustebravel bat ergaineyratddh t\hEt]ﬂHﬁll f alh@d asihjection

t her mal S. : 3,.25 4. t0 nn i_ncar por at ed herel n
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mani f olsd-rarsEustett efch Heprierss. t he spigotted end of the nozzl e body Because
thegnozzl e body is spigotted to the manifold, it nust travel laterally
when t he manlfol d thermal |y expands. 10 U S. Pat. No. 3,023,458 to Seynour
(i ncor pFerCatte Favel &t rf:%@cep‘é e%%né@ﬂepltﬁegt Ralds #sené pitcel iR Thpad in
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25 Wi t ke upder ghdggef tdie thezzhezbody sbesider. thepabyngenhswes agot he
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strength fasteners within an injection mold 'machine. : In

addition to this, the prolonged and cyclic injection molding
20 operation will reduce the effectiveness of the pre-load, thus

increasing the likelihood of leakage.

Several improvements to these design concepts have Dbeen
developed that use different methods and means to prevent

25 leakage of the plastic resin.

U.S5. Pat. No. 3,849,048 to Bielfeldt (incorporated herein by
reference) shows a hydraulically actuated back-up pad that takes
up the cold clearance to prevent leakage. This piston acts like
30 a spring. Inside the housing is a second hydraulic piston which
drives the valve stem. The nozzle body 1s threaded into the
manifold insert and therefore thermally expands laterally when
the manifold expands. The close proximity of flammable hydraulic
0il to the heated manifold means that there is a great risk of

35 fire with this design after the seals have worn.

U.S. Pat. No. 3,716,318 to Erik (incorporated herein by
reference) shows a combined nozzle/manifold bushing piece which
is 1inserted through the manifold from the underside and is

40 retained by a threaded back-up pad. This construction is also
2



reference) teaches a thermal expansion elenent to seal the flow of resin
through the interface between the manifold channel and injection nozzle,
or a theweabugmwpansi on el ement with an 35 undercut to gi VRCTACAaddi258 onal

el astic .sealing properties, t hermal expansion el epent with spring
el ement %G EMYe  Ral %ﬁ?ﬁ‘%pr o0& t i B8 ZBy Cadd? FREEN B ag‘fl'rg% f e aye:
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PCT/ CA01/ 00258 U.S. Pat. No. 5,374,182 to Gessner (incorporated herein by
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back- Up. 3G xRN ifs {8 Uk AL LABEshInbERUA Ugserfhe sealing dewdce
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t he namFe@lRea8dupPiheedi $9ainimt nghpackgechbadr bind heft heRfainozzle

expans bRl yanquyant 8heV ez 3l assdngithepieeaite dousi RHeOmasAtdd1rg of ¢+t he

mani f ol d’ | at e teel. . Thi s design provides superjor anti-| eaking
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relatively 10 small. The disc spring systemof the '182 patent |oads the

fl.ange of, th 0zz hoysj LAsa pure Lal djr Lon rpendi cular to
thg@i nttjcezrsf'acgagurfggé bgf \b\gghélsﬁe ﬁgzz%%wg%%r t %n%#?%?gggl a %l.ﬁeJBr)l/ aby
provi diredeaenasi)al i sbatingt¢or ee,ondhepipeef imagtifofld Heuskdhy ngnst resszshows
a si gnighjgcan Cf £3s fna the neligq chapnel £ el atiMedo;th
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event Y&t & LT HEcRR@nOoperassurd a ebriretIpyheregarves Thies sy eend

desi gn cgoeshobushhi aet ialoady eyentnd eakageeaf ithea MaldRis plasthe Nesid
oy#%l de th% aszagewa%.dzo f , S, Pat. No. 5,507, 63% to Schad ele] qén
(iheor G6ratdd REPEFN BYY retBrEh¥e) CPRRChesd GCTHRPTH eclaa%e?? g e EHed
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valve stem to bind.

20 U.S. Pat. No. 5,896,640 to Lazinski, et al. (incorporated herein
by reference) teaches an annular shaped thermal expansion
element to provide improved sealing at the interface between the
manifold and the nozzle body. This annular shaped element
comprises an angular, spring-like radial surface that interfaces:

25 with the underside of the nozzle body shoulder, thereby
enhancing the sealing pressure profile at the mating surfaces.
This apparatus, while providing an improved pressure profile for
sealing adjacent the channel, still produces large compressive
forces that require the use of large manifold structures.

30
U.S. Pat. ©No. 4,588,367 to Schad (incorporated herein by
reference) teaches a thermal expansion element to seal the flow
of resin through the interface between the manifold channel and
injection nozzle, or a thermal expansion element with an

35 undercut to give it additional elastic sealing properties, or a
thermal expansion element with a spring element to enhance the
sealing properties by adding an elastic feature. The thermal
expansion element allows relative movement between the manifold,
thermal expansion element and nozzle.

40



25 certain | ateral clearance that remains between the clanp ring and the
nozzle allows the manifold and the clanp ring to slide laterally w thout
af f ect i ngvo heszla gnrrent of the nozzle tip with respect tpheT/abtogsse. 30

The design ept pat ent s re resent a si nlflc nt advance
and us g %Bfﬁng t‘er aSﬁbigge ehCt hae 1f’ol &%%‘ﬂrlf eereFfdhsiaLH@
As theremelrfe@kxé heatess and spxpandsvhitchal Sefled:tsleasactrmSncbheleobbldgf and

nous! nggWnlsch e el dln Lhesgavite (Bl e, coynterobotes . s gll.ave {he

nozzl e I'nt ai ne pr opéer | gninent nol d
gat e, Th@e[ﬁe&ﬂ:ﬂelmg d¢vite veppeBatllieyidfle hetmu cfibSd skovienger ,aggempled

sligding, o4 erfacs fathween1 LhgeN0zzhe andt ﬁ%nﬁ%@'lEO'ﬁeé’Es' %pd' thbcWisd 0

fully seal the interface between the channels of two partfs using t
seal i n§PFeas RASE TP FArPhelBer é@erréwéeseww 48NE aRAG CBAS |cyver—

achi eV@t@te%%@'rﬂgnQ:I’fé reSsz tb Shbubyh%oar\/\me@tﬁﬁgﬁ oft \V&Oﬂa%l%@d s plate
PCT/ CAO%FogZSS t.s peak, adj acent .t he channel s adg on aI QEI t hese
prior nﬁ (S Bh RHRV %S of ﬁPBﬁrf‘8Fcé§tl U R

spri ng(nshyorszstpram]gaﬂs kehste uther erijeEnsin eptdesung en:iameenssezaéllartgm@ly_
ef{(&]?ctl V& quer afh\@ d lsgngsgj %ﬂ?é rcg};ﬂuroe hher @é’z 5 %Itlem na_tLl ngst hfh ri sk
of ac o)

eakage at theinter arge OI’CGS nean I’UC ure G‘The
mol d addatiye madi f dhe Mmooz e @@sxsgm tie handlrerrdedads ab@ta/ﬂeerdlrection

10, OOOF& %%m%aa&ertgow e. 1n’€t—§f?£gén%|u)£’f ide 'Eeéw@éh”%f@' nBQnggt HMqthe

present 1nventjon provi de an 1 nproved nmethod_and appar at us
seal | n@hlehé“ari#ﬁ%]rci aEéaﬁét weeBYt WE CVHEHAE sat nad ailnj w’a thgnﬁpéicﬁg the

OEe Spyecaspestel cocb Bty atee amoree 2 i on 2 adieaene:
Ui AR gt eB bt IUAIT. oBPAFACUS 46 FOF B8PF T Y aPds e
seal i n@oﬁhrtessf dicsttra diuth eciweandri c&h@aspriﬁg p&a& aﬂeanelz!zlehe Inc harened et
e AOERLS 0 Hib S PR B, et T8 U P LRSI A
design does not effectlvely prevent leakage of the molten
plastic resin outside the passageway.
20
U.s. Pat. No. 5,507,637 to Schad et al. (incorporated herein by
reference) teaches a sealing clamp ring attached to the manifold
and surrounding the nozzle housing that prevents leakage of the
resin at the interface between the manifold and the nozzle. A
25 certain lateral clearance that remains between the clamp ring
and the nozzle allows the manifold and the clamp ring to slide
laterally without affecting the alignment of the nozzle tip with
respect the mold gate.

30 The design concepts of the cited patents represent a significant
advance and use a sliding interface between the manifold and the
nozzle housing. As the manifold heats and expands it also
slides across the nozzle housings which are held in the cavity
prlate counter bores. This allows the nozzle tip location to be

35 maintained in proper alignment with the mold gate, independent
of the temperature of the manifold. However, in a sliding
interface between the nozzle and the manifold it is difficult to
fully seal the interface between the channels of the two parts
using the sealing means disclosed in these references and one

40 cannot easily achieve a sealing stress distribution which has
4



forces between the nozzle body and the manifold, thereby reducing the
structural requirenents of the manifold and a reduction in the size and
nunber ofwéasszmers required to 25 manufacture the injecPCDOANDIASNY
machine. It is a further objaect of the present invention to provide an

i nmpr oved SmeP vt &0 a5 aths a2t b3ai d wHich2ProddeBs @#hor 85 rEr¢S®I e
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cost s. tP&cEFe M} eEkl?oﬁ§ré1ﬁ$u§@\/aﬁﬁ abes @Plﬁh@r’& ekleat MpAGERLFoMUAY |be 40
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In accordance with the present invention, the fore90|ng objects 5 and
advant ages are readily obtained. The apparatus of the present invention
seal s tAheoimitle]rgfl@c;e 11betiween ponchashebdjiertarof nkret ek sepltdi Ngrention

B e O E P et o TR BT ot Tt ean Tte. SEORERdugtR®
channell@teaﬁ@qmanbetweeeealtwrg t k@ atne leont Lguow chanﬁeltsoopermlddengo

creat e 20 A0UAr SSAling: 16BN Al dnfdlerdack: 200 AUenaRPY,
tﬁL a glﬁa ? er E| n

partlcu inélu jectlon nozzle wt nne erein,
sai d |ﬁP§CFW@@eI5HW@£ﬂQ§ lﬂﬂﬁﬂﬂe%s a first of said contiguous channels,
and a hot runner manifold with a channel therein contiguous said nozzle

wher ei n the mani f ol cha nel second of said contiguou channe] s.
Patt i chitarty, at He% Serbos i | Baerantnae s Hbako ad a0ane 17

Channehmpaméeﬁhememheﬁfaa&d 2@pparatus as aforesaid which obtains a
sealing stress distribution which has its peak adjacent the

channels or passageways.

20 It is 'a further object of the present invention to provide an
improved method and apparatus as aforesaid which reduces the
forces between the nozzle body and the manifold, thereby
reducing the structural requirements of the manifold and a
reduction in the size and number of fasteners required to

25 manufacture the injection molding machine.

It is a further object of the present invention to provide an
improved method and apparatus as aforesaid which produces a more
reliable seal, that is able to withstand the cyclic nature of
30 injection molding, thereby reducing the machine maintenance

downtime and increasing overall machine efficiency.

It is a further object of the present invention to provide an
improved method and apparatus as aforesaid that provides a more
35 cost effective means for sealing the interface between the
nozzle body and the manifold thereby reducing machine

fabrication and maintenance costs.

Further objections and advantages of the present invention will

40 appear hereinbelow.



The nethod of the present invention seals the passageway between two
channels in an injection nolding apparatus, conprising two contiguous
channel s Won1/815ansporti ng nolten plastic under pressure RCTAAan0G268 er f ace
area between the two contiguous 25 channels, and sealing the interface area
between the two contiguous channels to create an annul ar sealing force
upon said interface. PrefesaddMiRYaOFi TEE @GNVEHI@ONoNt i guous channels is

an injection nozzle channel and a second of said contiguous channels is a
hot runner manifold channel, including the step of 30 sealing the interface
bet weedns @ aratianed swinkh h thes agldsegp thebmsenivereh theatfeos egiv imenukirects
sead | NQ{OLCR R dg IJHLriace Retywaet n&ai d channels. Desirably, the
sealing force distribution has 7“its peak adjacent the channels and the
interface. 35 Further features of the present invention will appear

her ei nly@leoWa pBRIF-BFUBESERI PThON SFedEE+ DRAWMGE 4R THea ps esend | 1vedt f &P
will a% nore readily ugpersﬁgndable from, 6. 01/87573 RPCT/ CA01/ 00258 the
fol | owPRG ST ust T2 i vENGPRR Tgs, ThheP8i n: THIETHOT | | BOLAAPEs £RRETT Ot

Vi ew okocappriefierg edtwenbochmehduols thrapneient fiomverdramEpd-thig 2nolten
iljustrates .an l.arge ' Lfi sectignal. vyi f.th pr r

erbbal bare i« RAORF P RFL TREL Y RETT iy rabe el ' PPerb Bt EEER o

vi ew ofcoatdomogst echgerslon @ind heeand praf espedisgbodisreno Ri@tiguous

|11 ust abasod Seqld.onal vyl gy Eabhuce A0daall 4Nes 88l ohg 6kl bibch PLL0s
art sealing pressure distribution;: 15 FIG 5 shows a Sectional "view of the
pr ef er A& & nedfedi t h a TRni 8BPagaitgce Ravet i FptaNed sdariliglesr esdiur e

i St 11 ot orDSEAL LD PEBGRLPEIQMGA The FEERERRED: EVBODNENT(5)e 20101
e rrin ow to . a 0 runper v ve ate Ssys m T or. I N|e |
STLEL | eI s (T o b OF PRLd) Fentigtont (hmrmels e o afkn

i ncl udemnadrackampfpl @t @itB2 ;andhannel therein contiguous said nozzle,

wherein the manifold channel is a second of said contiguous

channels. Particularly, the sealing stress distribution has its
peak adjacent the channels and the interface.

20 -
The method of the present invention seals the passageway between
two channels in an injection molding apparatus, comprising two
contiguous channels for transporting molten plastic under
pressure with an interface area between the two contiguous

25 channels, and sealing the interface area Dbetween the two
contiguous channels to create an annular sealing force upon said
interface. Preferably, a first of said contiguous channels 1is
an injection nozzle channel and a second of said contiguous
channels is a hot runner manifold channel, including the step of

30 sealing the interface between said channels with a sealing means
which creates an annular sealing force on the interface between
said channels. Desirably, the sealing force distribution has

its peak adjacent the channels and the interface.

35 Further features of the present invention will appear

hereinbelow.

BRIEF DESCRIPTION OF THE DRAWINGS

40 The present invention will be more readily understandable from
6



mani fold plate 104. The system further includes a nozzle assenbly 108 for
introducing nolten plastic material into a nold 25 (not shown) and a
mani f ol dMoet871300 ar r angenent 110 for all owi ng comruni cat POYCAD1/@I28&t i C

material from.a sourc not shown) to ., the nqzzl e assenbly 108. A manifold
heater%f. og TONGWY ﬁiﬁggﬁﬁgi%W?EQQﬁﬂﬁ?%ﬁmi -©t™hereby heating the

mani fold 138 which in turn heats the flowng plastic within a nelt channel
30 142 d j nel S in El : y
108 cog§%§t§ O%ﬁgkﬁ%%§¥%§ %o%%éﬁﬁgﬁgg ??%ﬁlfg,aa?%§%¥?%nﬁ%aqéihff%§§§qg%
spri ng timeapsebE8t iaverd imowzl e i nsul ator 113. The purpose of the spring
nmeans 118 35 will be discussed hereinafter. The nozzle body 112 is
typically mnade of steel, while the tip 114 may be formed fromany suitable
hi ghl y Fli&at % ohtititt vt aat 8Ri sRlRAeRS iithel Bred stertdsnapemyer W copper .
The nogzl-gchodys EhddBnaat @4 alhshanelo e tduoughy W ed-rdbd en pl astic
material flows. The tip 114 40 surrounds a termnal part of the axial
channel 120. If desired, 7 WO 01/87570 PCT/ CA01/ 00258 the nozzle tip 114
may i ngitgde R sheaish A2Xxd@ridher meliky ohsul ahongghbeddomnsd rceamoEndtios
thﬁ)nozzl% tk% 114 Tlg sheath 122 may be formed froma resinous materi al
wht Ch ﬁﬁf 5& Erg?%f} CHTed. Alternatively, the sheath 122 may be forned

fromb5 an overflow of injected resin in the first operating cycle or

cycl es e po [ t LS. Lhastal | ed-wi ¢ hi Vi f. the.

mani f ol d ﬁlé?eE%gﬁsgggeggtgit%égggégéﬂthéf%ﬁeﬁﬁgﬁﬂ%go%ﬁﬁﬁicg¥i5%m% ween

t he no2Zzite Widdly a1 PZ isd artie seardiimel dpystsure 14 L Herlelyn hai nt ai ni ng t he

hi gh tenperature of the nolten 10 plastic material as it flows through the

axj al channel 120. The nozzle insulatgr 113 nay be fornmed from any,

SUFE abFdGnBuIiiy 3 e TaHaL { VrEapFy tRAORA ARG APTPHFTHs WA um

The nozzhe Jagatseir fhlte md Benpyw slidadll i eleed dderdedd €f r KhoWwon 15 i n the

art to which current is admtted by way of a cable 124. As shown in FIG

1, the nozzle heater 116 surrounds a portion of the nozzle body 112.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

20 Referring now to FIG. 1, a hot runner valve gate system for
injecting plastic material 100 into a mold or the 1like is
illustrated. The system 1includes a backing plate 102 and a
manifold plate 104. The system further includes a nozzle
assembly 108 for introducing molten plastic material into a mold

25 (not shown) and a manifold/bushing arrangement 110 for allowing
communication of plastic material from a source (not shown) to
the nozzle assembly 108. A manifold heater 139 is shown
inserted in a manifold 138, thereby heating the manifold 138
which in turn heats the flowing plastic within a melt channel

30 142 and a bushing channel 144.

As shown in FIG. 1, the nozzle assembly 108 consists of a nozzle
body 112, a tip 114, a nozzle heater 116, a spring means 118,
and a nozzle insulator 113. The purpose of the spring means 118
35 will be discussed hereinafter. The nozzle body 112 is typically
made of steel, while the tip 114 may be formed from any suitable
highly heat-conductive material known in the art such as
beryllium/copper. The nozzle body 112 has an axial channel 120
through which molten plastic material flows. The tip 114

40 surrounds a terminal part of the axial channel 120. If desired,
7



A valve stem 126 is provided to permt opening and closing of 20 the gate
128 in the nozzle body 112. The valve stem 126 may be fornmed by a steel
rod whi chwext/ensds t hrough a passageway 129 in the bushi npCT/8A0H01d58 nt o t he

nozzl e body 112, As can be seen from F|G 1 the passageway 129 nmates w th
the. neltiechBRAERC14HD] nl o BREhiHEHRE Fhe SOwa o LHE vhPre SREMaREY
opposi tiestd a23 righe: Igatdo w28t it sam oam@cb edthe aopizdkortipedd 4131 Tiye aslsehth

sScrew 2. The pi st hea i s housed w thi i nder usi 1

f or med 111%% e B gg’c%“r?é’d e%ov\%l 1% i@%&a%gdi%jsg“g%é%ie% iv%?%&l Y *Be
Downst iogled air itded gl st okl hewna U Be Lausthet heeashyd 28t eyl 28 tormae fnowo a
Poss Ui oy whps el du Chasem picteduces ibheur o8  S6ald 08aLrateRqOlc i dgte
128 so as to restrict flow of the nolten plastic material. Upstroke of the
pi st on WEd®s131 EhbsEezzalie F¥kakeemiide o Wdveatbeds WiEhiAcreaSavViEBw

gf t he oﬁié' H:?E ﬁéfl@'f@&tditcpmi?c?ri abétPéﬁblghabB@t gabe #28uchs l@Hi@ViﬂhliéJ:%al

i scussed, e val ve gate systemo e prese i nvention als c es a
i § oRGBSCRS Lt HEJiReR 510 Se6horsBPRY. o2 RS e grar 28l el ¢ b
bushi ng 0430. thbeebgni haiAdt40ni88 ishé ormiesh bytempdirsitnidaut iodn phat endibused
be en.the.pl ates .8 WO 01/87570 PCI{CAQ1{O 8 and 104 -but, sep { ed
t hieerfv:f & olr%sg:yl Ca%lag.‘lerrlgaalp alséoloig‘lﬁgow%agﬁfﬁgaﬁl g§ g f%%zdlls Cg}agn%cﬁly%azf(?i xggﬁ?o

t he mamiofzallg plratwl a0 by3amplyuied | fgrmdd hEghms enengttil tdd s 1@FuhE thg
must wi | tlf%ﬂﬁ:l] - L ng: the cyclic

nmol di \A%nta%%%?oggésyﬁ%h%ﬂ nifo d{ﬁn%%}géézaltgfgﬁngﬁteg%ggin%e 11511?1.2 formng part
of the hot runner systemfor transporting nolten plastic material froma

source T@ruh@otnosgm}wl)hé?té?ﬁlq@_t %allﬁgo@%@yi gh@dﬁ%ie_t fétl@c\f}\:h%_SQﬁQ%éha\AféﬁDEﬂoQﬁ13o
noJj ds. . nani 1o urtner | ncluaes, a or, I NTO | € _nusS n

oL st IS TS il POT L (P IS L e SBIASE T FOM Sy 6 Cali o b or
heat cordutidwrg idreREE | al , kthennonzibehaaterThd enanidfraluhdweat gsoAB%on so el |

known i L %Zazrlte] %%giryt ylri:zc.al Iy conprises a wire/ceranmc resistive type
heat er h & cylindrical” cross section that is

A valve stem 126 is provided to permit opening and closing of

20 the gate 128 in the nozzle body 112. The valve stem 126 may be
formed by a steel rod which extends through a passageway 129 in
the bushing 130 and into the nozzle body 112. As can be seen
from FIG. 1 the passageway 129 mates with the melt channel 144
in the bushing 130. The end of the valve stem 126 opposite to

25 the gate 128 is connected to a piston head 131 by a set screw
132.

The piston head 131 is housed within a cylinder housing 135
formed by first and second end walls 133 and 134 respectively.
30 Downstroke of the piston head 131 causes the valve stem 126 to
move 1into a position where it closes or reduces the cross
sectional area of the gate 128 so as to restrict flow of the
molten plastic material. Upstroke of the piston head 131 causes
the valve stem 126 to move so as to increase flow of the molten

35 plastic material through the gate 128.

As previously discussed, the valve gate system of the present
invention also includes a manifold/bushing arrangement 110
consisting of the manifold 138 and the bushing 130. The manifold

40 138 is formed by a distribution plate housed between the plates
8



seated into a groove of the manifold 138. 15 The bushing 130 surrounds a
portion of the valve stem 126. The bushing 130 is formed from any suitable
mat eri al woouwsrsim the art (usually steel) and is desi gneBCT/cAbEOR2SE er t ed

t hrough the 38 from ders showmn in FIG 1, the

boshi o020 aRaam 1 Bt S tRe Tehot HHn eSOt Hah o B e iR cHARne) THS 2

i n thebariiiiel d 1388 amd2t hes axd@ldrhaafelix220 ion the nentifeldagslerts y1d08.
One or i Cil of
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axi al &hiegnhengew tensabh dotrgres zeemheabaéhldalgrm@ W acloher poridomg148
whi gh 'p%o'c%“s%t ed beiwegn ﬁB?aélunﬂ?cEfﬁ&'@s Ofth@emgi‘@' f&taqlﬁ'@ @@Q af'of&QPﬁé

surface 150 of the nozz e bo shown in GS. 1 and 2, the ug
icC

surfac®amo ¢5 &5 ik, r%eéawxstemu #§Ta %W%%@r%%n%pﬁ‘é’llt@ﬁ Bhas
profil eatharabyresgati ngo@rdON-(hbat Seatdngtbntierd agerdd5iog Thé Sodh E8E

structur.e_provi des pressu di str ut| that centrates the S aI i ng
pressu?”ér%a]djaac‘eefﬁp?qt bush? g ‘Blﬁaﬂﬂ ntltt[gﬁ IQH tg‘ﬁia“n CHAEES TR s
i mpr ovedrer es4Bir entdi sthiidut kan aitisjwsnd OItBOeIJJsabim@:ktaediL o T&@almm@lﬁcblcﬂhe

35, nt arface. of (Lhecnogzle fody 1g and: he bushiing 130. ko, addlaion L

mor & concen d sea |ng force a uct|on i the CONprF éss
forces Irtatt@rretarl tbnpwnvﬂd'e gher editabl e Phastiagisedld ?Fl{edtleed chlﬁtpﬂesswevel

forces hiAns! aties +hat o av editd i ofybicsize obokbeiback ;é?z%ﬁfg/égﬁ%ﬁﬂé

the 40 mani f ol Iate14as reductionin t e and nu

WO 01/ §BSAG tPCH Gam¢ ot}zegeroﬂﬂltté} te mlnﬁﬁéoadsrﬁrr@saseeﬁm@ﬁert% bs

cent r alscR@dd amtkdZ Widdvdhast athe QkrSi £ig1 i Byt er substantially equal to
ﬁ%dl aneter of the bore 5 143 in the manifold 138. Still further, the

ing has an upper portion 154 which is threaded al ong at | east part of
i ts extTért .bufAsishonBOi BuHrGunls tdepuppeonparft itdre 1941vé thembustd .ngTAS0

bushing 130 is formed from any suitable material known in the
art (usually steel) and is designed to be inserted through the
manifold 138 from the underside. As shown in FIG. 1, the bushing
20 channel 144 in the bushing 130 mates with the melt channel 142
in the manifold 138 and the axial channel 120 in the nozzle
assembly 108. One or more dowels 146 are provided to facilitate
alignment of the manifold 138 and the bushing 130 so that the
channels 142 and 144 are in axial alignment with each other.
25
The bushing 130 has a lower portion 148 which is located between
the underside of the manifold 138 and an upper surface 150 of
the nozzle body 112. As shown in FIGS. 1 and 2, the upper
surface 150 is non-flat, typically having a conical or spherical
30 profile, thereby creating a non-flat sealing interface 151.
This unique structure provides a pressure distribution that
concentrates the sealing pressure adjacent the bushing channel
144 and the axial channel 120. This improved pressure
distribution allows for reliable ©plastic sealing at the
35 interface of the nozzle body 112 and the bushing 130. In
addition, the more concentrated sealing force allows for a
reduction in the compressive forces therein to provide a
reliable plastic seal. Reduced compressive forces translates
into a reduction in size of the backing plate 102 and the

40 manifold plate 104 as well as a reduction in the size and number
9



extends through an aperture 156 in a back-up pad 136. A nut 158 10 is
provided to nechanically join the bushing 130 to the back-up pad 136. The
back-up pe@dol867@cts to reduce the thermal comuni cati onPORICWeEIN25he
backing)tfpgﬁ)tlg| Oétand the manifold 138, thereby maintaining the nolten
resin Vit tenperature. A seal 159 is provided to further reduce
the 15 possibility of |eakage of the plastic materi al up t he periphery of

b 1 t meLer i
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Wi th thespriesefle 'r&h\%ﬁrﬁdm‘ 1éé1e §9£!Lﬂgf{IE%Hérll%heC%La%%%n% $RId NG, agthop in

the nozzl e assenbly . I't shoul not ed however that “any action caused

by t heP§pitiings 1Pf W@rirqhhels ﬁélfzqaéi%ﬂoowlm ats et étaetﬂg/ ¢hdelperRiernof any

seal i ng actlon 25 between the manifold bushing 130 and the manifold 138 and

bet wee nanlfol shing 130 and the b ck up d ferri

FI G 29"S ?W%ré@d%i%%sh3e qﬂ@fp9feﬁ9ﬁ 1%% %zﬁh%egﬁPﬁdW%ugggace

151 of exirenbiss i ub30 dro dpeert @0 nhhé f bh da 1B8cksuphewd. 136 .t hikss nut 158
npedi nen 0 re ement n.remye d

nozzI eq%oéjrot@éj seags ﬁggggﬁgfggpﬁg %qgf O’ﬁ%ge 1%%&5{}?% ??8 t e@rr%\%&go

FIG 3pad néﬁ6val vellyat érbdlotuw unpeet  dysst emctsr t85 rﬁgi’ecel nghel a’@wmal

mat o1 | Aokt AcTkd Bechiben! 6% 9adililustpaled. T S 3YSt eALORELAL£51

essentlally simlar system shown i n 1, excep nmechanismto
open ard clo§@EQQQ¥gyﬂ%#qgﬁﬁ%&HQhet¥$p 1ehtags BééﬁnreﬁﬁVe@ﬁwﬂﬁh¢¥ﬁ¢%%der

\gCITI cig%)ﬂloo Qutéiléaé lrnthfb%ﬂon 1f\5@: V@ﬁgaéﬁgvﬁd@derﬁcpf fuagQ_;Ll\{é@ Oﬂuéﬁﬁéao the
temanlo usni arra 1 SSO

B R e S LR S LLRSAY

150 of otthebnazz| @4BodyThé2 seafls agai nst thephani il dud38 ﬂmm@ctiy hé&at

resistant material like steel.

The spring means 118 deflects as the nozzle body 112 and the

20 back-up pad 136 expand ‘due to increases in temperature. In
accordance with the present invention, the spring means 118
causes a spring action in the nozzle assembly 108. It should be
noted however that any action caused by the springs 118 on the
nozzle body 112 is completely independent of any sealing action

25 Dbetween the manifold Dbushing 130 and the manifold 138 and
between the manifold bushing 130 and the back-up pad 136.

Now referring to FIG. 2, an enlarged cross-sectional view of the
non-flat sealing interface 151 of the bushing 130 to the
30 manifold 138 is shown. In this embodiment, the manifold/bushing
arrangement 110 has been removed, and the nozzle body 112 seats

against the manifold 138 directly.

Referring now to FIG. 3, a non valve-gated hot runner system for

35 injecting plastic material into a mold or the 1like is
illustrated. This system operates essentially similar to the
system shown in FIG. 1, except the mechanism to open and close
the gate 128 at the tip 114 has been removed.

40 The reader will also note that in the non valve-gated system of
10



According to the present invention, the upper surface 150 has a non-fl at
surface such that the interface between the nozzle body 112 and the
mani f ol d Wi@81/gmscur s | mredi ately adj acent the nelt channePC]I/d:ZOHmnStaxi al

channel__120._ The non-fl e could 10 be con erical or_the
re T i oo Rt 2 B bR p e G e o £ c 5o BACHES G JELE{ o
pressuteast haaltsdwaseen sremakdcl o3estthtig tdmelﬂu@uﬁataforpos&aé)llepp@akagefmhel e

at the sgme, ol ges_theapmonid ude g, th FHlY erLRE GRS 4T eyl ed
e §Y #a COR e REPEr 1 TRG L0 Pl Gl od, a

wi thin t over em f or Kage prevent erring
t ypi caldlfr@qtd% rmde of the prior art is shown. A prior art sealing
pregsure distribution 160 is created when the flat upper surface 150 is

forced _against the substantially flat surface of the manifold 138. The
seal i g TPk e Bhet PrBSERSn 1reed qroneshie adPReEnt UFERCec Hatthdlad 42
and axir@n-clannedudie Thechi ghapr essuratef-rhlbe Mthverpdlasd itozilOVbagyi n

h I 142 120 t th I terf | G
3 due. COA P T e FhEad SehEPhY préesoreloas THE SRS Naced SRAF edtageBh tt he
rml t en ghlaastalc mxuaad_ 25:1NMAw cledemel ng200 Fl The 5nomh|fcllatgesnmﬁdey sbohs

FonozA] ecBAdL L2 WhLRs BoGOMER P oty S T ACE130. L ThLS AT LADCPRRL)

overcones £ aifur € as s provi d
seal i ngyreessmeatdigtading | @nCQBQetlha@thés Seaélp@alprwssm iHppressuies

adj acenfo diel &) Shannel 1€ﬁea%1%>f:' s channgly o 120, 59L1 PRLE S Wi 808 CQE&.@Ct
in this area seals snal nperfections between the mating surfaces er eby
reduci fgMhe THYLREDI [tlhley I@ﬁg@e%}#dq? aPFfurtdeasCeHBRASFAVEI OWeSSSrPﬁ‘éWGiing

a Spheﬁ/\il@l@lllnuw omfzace shaddistead &dkdde soaveatiosurface will have the
gd benefit of distributing the |oad nore gradually as the force is

ied, however it will be nore costly to produce. Conputer nodeling and
anal ysiEGeﬂmrr&dimg[ sd halG. a4¢omi dalpiswlf atel bare heoge escr ithed drhiatr vatt is

‘1:'1059' LH0mAPPOXL B £ LD Lagal n§rhetieal o adids s e MBS P&EM deLeLltngd
when the flat upper surface 150 is forced against the
substantially flat surface of the manifold 138. The sealing

20 'pressure distribution 160 1is lowest adjacent melt channel 142
and axial channel 120. The high pressure of the molten plastic
flowing in channels 142 : and 120 acts to deform the sealing
interface as shown in FIG. 4 due to the reduced sealing pressure
at the interface, and leakage of the molten plastic occurs.

25
Now referring to FIG. 5, which generally shows the nozzle body
112 with a conical upper surface 150. This arrangement
overcomes the failure mode as shown in FIG. 4 by providing an
improved sealing pressure distribution 162 that has its peak

30 sealing pressure adjacent melt channel 142 and axial channel
120. Intimate surface contact in this area seals small
imperfections between the mating surfaces thereby reducing the

possibility of seal failure as shown in FIG. 4.

35 Providing a spherical upper surface 150 instead of the conical
surface will have the added benefit of distributing the load
more gradually as the force is applied, however it will be more
costly to produce. Computer modeling and analysis predicts that
a conical surface <can be prescribed that will closely

40 approximate the ideal spherical radius. It has been determined
11



WD 01/ 87570 PCT/ CAOL/ 00258 that a conical angle |less than 10 preferably
between 0.2 to 0.4 fromthe horizontal is ideal for nelt channels having a
di anet er woet/s®en 5- 12mm with injection pressures bet weeRCRPCA0OM258 28, 0000
psi maximum This, optinmum.angle will incgease as 5 injection pressures
decrea%@%%u?tﬁ%néﬁgiea%ﬁﬂﬁ ag%a%sliHﬁ§§ﬁ§§Pﬁ¥ﬂgﬁﬁﬂﬁ%ﬁi Feded -4t a
spheri calomshape heridesited ist idaylbeornmehe conparadl ensiizey rangeaméter
350- 4000 radius., As nmentioned previqusl due_tao the.concentsat
sealin%egﬁ?%ﬁeégiggq% t%%{%re§%ﬁ?c¥%98nt 5%FS€5§%re$5ﬁh§$%a §ﬁﬁﬁﬂ%ih_the
i nj ect i26n OPdthi peini hiexigureduce@hiss aeptéwult , anpéef rivililondhcréaseesas
assoCi ahadonidh { ReclBiecld oBeBragess hh! fif deripased igongbdecably as

t he various conponents displace relative to each “other. The reduced,

conpr eSSORE G R FRI ¢ hePeBpareduce The A5REhta-hl shapel déal dovtirpfiat e
buckl i ng asweld irasraalddmith 2Kh e foid ingh ddad £ mByo-oLcns a8 theisyrfaces
slide over each other. One skilled in the art could easily design a
'nozzl e housing flange or base with a non-flat interface that could al so
act asAsa oopressede peeoeonedyl, at @udy wvarykthg thementeatangl eeantng0

t he, housi ng fl an i ckness _that woul.d allow flexing in the _hausin
flg%gegﬁfgéq;e e eﬁ??nnggeﬁﬁglqie%il%ﬂﬂnﬁ%QPg?%%lg%lﬂoggﬁ(yiﬁé%ﬁéﬁ%@ed
to flednjewdricen hecné ovill AnbeagsuiveddadsAs pastresudrtes crlidelr tat tohat ed
val ue tf%r%%”&sé‘&cfﬁ&éskﬂ‘i%hf Oél?éesinﬁgﬁ'ﬂﬁoﬁdl sd h§s el tbeChcf{’@%Péased
interface. 25 Naturally, the systemof the present i1nvention can be

ef f ect iCP&ISyL dafsdye RS ntlot herr EpaRnEPTIRBRABESI SiSPilRcen r9lftecta o nedeirng

appar alighasher erheakagg @fd t BenmpPPLs 8DvE eFioh ceYwPEL atREBLEMraadidOr the
mani_f ol d .con i ons

bebn pEGHER A’ SOEor oS ARG ML E R < R eriitorsSin HEitlr 0%d et e
seal i ng raprdmat ushendnayebboedrwaisc tHeul dyr Sadesf sesdé hevelrj ecich, Jomens, and
St e AREI RSB RO T LR 405, LBuE0shon, has heen dessrhpec
flange or base with a non-flat interface that could also act as
a compressive force regulator by varying the conical angle and
20 the housing flange thickness that would allow flexing in the
housing flange itself. Referring to FIG. 5, an annular step 161
could be employed to flex toward the manifold and assume loads
past a prescribed calculated value to ensure no excessive forces

occur adjacent the melt channel interface.

25
Naturally, the system of the ©present invention can be
effectively employed in other channel connections in an
injection molding apparatus where leakage of the molten resin
may be a problem, as for example, in other manifold connections.
30

It is apparent that there has been provided in accordance with
this invention an improved hot runner sealing apparatus and
method which fully satisfies the objects, means, and advantages
set forth hereinbefore. While the invention has been described
35 in combination with specific embodiments thereof, it is evident
that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the foregoing
description. Accordingly, it is intended to embrace all such
alternatives, modifications and wvariations as fall within the

40 spirit and broad scope of the appended claims.
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that many alternatives, nodifications, and variations will be apparent to
those skilled in the art in light of the foregoing description.
Accordi ngv@ 01/81570 s i ntended to enbrace all such alternat POESA01/00258

modi fications and variations as fall within the 40 spirit and broad scope
of the@&&e&&egﬂ@t 1512 WD 01/87570 PCT/ CAO1/ 00258 WHAT |'S CLAIMED I S:
1. An apparatus for injecting plastic material, said apparatus conpri sing:

5 a). nozzl e t i i fal. | at e,. sai gzzle havi.n an ia
channeﬁf b%5-é*%§#3?§ga ﬁagig%g§C%%$§P éﬁﬁ%}, ggﬁﬁ%égﬁf gﬁﬁhne pp%f%%%%d
with sai d admprichiargvel to comunicate the flow of material therein; 10

¢).s5a non-flat $ealdNg d MARALE BEteeh St Nozal & andi g sl 4 Tani 1 o] Gy
thereby elimnating | eakage of material. 2. The apparatus according to
claiml, f@%RetadodXSiTy: a). a bushing nounted into said nanifold, said

busgi ng ll@)ﬂ.avi Rg ﬂ%bﬂﬁbwg kﬁiﬂﬁ%' ?alﬂ@[@dcm@h?ea?i dsei’figﬂ_t m@mi@nr@![lalg:@@l
sal axl a anney ; . Sal, non- al. seal |l n Interrace neln oC e

botveon said B i ang odd (o S ERel ohy G TIRASAGHE | CARaGI B Of
material . 2@tdriHie tAppariat;us of claim1, further conprising: a). a spring
{fﬁfb‘s oper %tﬁ' vel'y maintay i ”%e%‘iﬁhtg}l ‘;&P%f%%%é € pedlyedd ds 5‘9@;} gl 1%%‘%1'%&‘9

erface. 25 4. "The apparatus 0 1'm erein said spring méeans a
di sc spri mgids naie cdppartatarstac coridiimp tting | ldakdge faf thetrecionbr i si ng:
a). a valve stemwith a first and second end slidably 30 inserted into
said axial channel to control the flow of material; b). a piston rigidly
af fi xed -t 0 T84 PPt ehdcaid g storFlaim 1, further comprising:

a). a bushing mounted into said manifold, said Dbushing
15 having a bushing channel aligned with said melt channel and
said axial channel;
b). said non-flat sealing interface being located between
salid bushing and said nozzle, thereby eliminating leakage of
material.
20
3. The apparatus of claim 1, further comprising:
a). a spring means operatively maintaining positive pressure

at said non~flat sealing interface.

25 4. The apparatus of claim 3, wherein said spring means is a disc
spring.

5. The apparatus according to claim 1, further comprising:

a). a valve stem with a first and second end slidably
30 inserted into said axial channel to control the flow of

material;

b). a piston rigidly affixed to said first end, said piston

selectively positioning said second end to start or stop the

flow of material.

35
6. The apparatus according to claim 1, further comprising:
a). a valve stem slidably inserted into said axial channel
for selectively controlling the flow of material in said
axial channel.
40
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sel ectively positioning said second end to start or stop the flow of

mat e

rial.

a val ve swemygisr@dably i nserted into said axial channel fpeT/€abreRss el y
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rollin

t he f|OMIOf materi.,al, i n. sai axi al channel . 40 13 WD 01/ 87570
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an

wherein said conical profile is 5 defined by an angle between 0.2 to 0.4

upper

spipleac e uwifbleca wdam calcariefdll eerdEillhe apparatus of claim 7,

froma horizontal axis when the pressure in said axial channel and said

nmel t

&han

Able | aPR@;PO0s - 0Z8, QUBipsi/, Whahelmppards: usowical apmorileheisin
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The apparatus of claim1, wherein sai

nozzl e i ncludes an annu ste

interface WHE SBISR nkREf BLESEUTLE p#%sé@iﬁe@x@aw}%@lfb?]esﬁ}iﬂe Safisl ﬂe
Met hod for chajneeli Ag plogstocc “matsgrdol ,pashi ch conprises: a) . providing a
nozzle nmounted in a manifold plate, said nozzle having an axial channel;
providing a mani fold having a nelt channel, said nelt 20 channel

al i gned®.wi Thesaipbadtals chdnmdlaito tomitisiredhe ddied fbowl of comipariisals an

b) .

thes

and

of claim9,

ein;
sald

Lﬁip%g?\éll@fa%ea“ﬂoﬂ fIa%}ht g_,ailda]rlg |t erf f%ace bet ween said nozzle

thereb i'ng age 0
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11.

12.

13.

14.

annular step for interface with said manifold at a prescribed

sealing pressure.

Method for injecting plastic material, which comprises:

a). providing a nozzle mounted in a manifold plate, said
nozzle having an axial channel;

b). providing a manifold having a melt channel, said melt
channel aligned with said axial channel to communicate the
flow of material therein;

c). providing a non-flat sealing interface between said
nozzle and said manifold, thereby eliminating leakage of

material.

Method of claim 9, including:

a) . providing a bushing mounted into said manifold, said
bushing providing a bushing channel aligned with said melt
channel and said axial channel;

b). providing said non~flat sealing interface being located
between said bushing and said nozzle, thereby eliminating

leakage of material.

Method of claim 9, including:
a). providing a spring means operatively maintaining

positive pressure at said non-flat sealing interface.

Method of claim 9, including:
a). providing a valve stem with a first and second end

slidably inserted into said axial channel to control the flow
14

material. 25 12. Met hod
i ncluding: a). providing a bushing nmounted into said nmanifold,

35 6. The apparatus according to claim1, further conprising: a).

or



channel and said axial channel; 30 b). providing said non-flat sealing
interface being | ocated between said bushing and said nozzle, thereby

el i mi nat iwgolr/8makage of material. 13. Method of claim?9, Paricadiengss 35 a).
provi ding a _spring.means operatively maintaining positive pressure at said
non-flat sédl F“ﬁfreﬁg: f‘_‘}ce‘épelfh?. Met hod of claim9, including: a). providing
a val ve sté&m.w thbravidisty andosecondregddl140 sdfiidadal yto nseritdedirdto sadd -
axi al channel, t0.. ro 4 . Q1L 8757Q.R 0 8 o
mator i al ¢ Rere R el dGr ety Adp R BaRaP S8R e N g PP e,
sai d pi st oanskelséon \rdley fPosi tdfomateiad- second end to start and stop the
flogyw of material. 5 15. Method of claim9, including: a). providing a valve
stemslidably inserted into said _axial channel for selectively controlling
t he fléxﬁ-oMeéﬁPélr P&l clAlms&ird 1@6ladidKennel . 10 15

a). providing a valve stem slidably inserted into said axial
channel for selectively controlling the flow of material in
said axial channel.
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