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MOLDI NG APPARATOS HAVI NG THREE POSI TI ON VALVB MEMBER BACKGROUND OF THE |

I NVENTI ON Thi s invention relates generally to val ve gated i ridahtried20020! di ng
apparatus and nore particularly to such apparatus having three position 979
val ve nenber actuating nechanismfor nmulti-Ilayer nolding. Valve gated

I njection nolding apparatus for making nulti-|layered protective containers
for food or prefornms or parisons for beverage bottles are well known. Oten
the ~ inner "and outer |ayers are nmade q{ a pol yet hyl ene terephthal ate (PET)
type material with one or nore barrier Tayers made of a material such as

et hyl ene vinyl alco copolyner (EVOH) or nylon. For instance, U S. Patent
No. 4, 657, “NHW ﬂ'“et al . which issued April 14, 1987 shows an
actuating

i ng an outer piston reciprocating 14 June 2002 2
I n an outer cyl+«iet@@r and an inner piston reciprocating in an inner
cylinder. The inner piston drives the elongated val ve nenber and the outer
pi ston drives a stem surroundi ng the el ongated val ve nenber and they

A
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MULTI-LAYER INJECTION MOLDING APPARATUS

HKViNG THREE POSITION VALVE MEMBER

BACKGROUND OF THE INVENTION

This invention relates generally to valve gated
injection molding apparatus and more particularly to such
apparatus having three position valve member actuating
mechanism for multi~layer molding.

Valve gated injection molding apparatus for
mdaking multi-layered protective containers for food or
preforms or parisons for beverage bottles are well known.
Often the inner and outer layers are made of a polyethylene
terephthalate (PET) type material with one or more barrier
layers made of a material such as ethylene vinyl alcohol
copolymer (EVOH) or nylon. For instance, U.S. Patent No.
4,657,496 to Ozeki et al. which issued April 14, 1987 shows

an actuating mechanism having an outer piston reciprocating



injegtion cycle to sequentially inject first the PET and then the barrier
material to nold three layer products. While this is satisfactory for sone
applications, sequential nolding has the disadvantage of a rid Jurne2002

| engthy cycle tinme. As seen in U S. Patent No. 4,919,606 to Cellert which

i ssued April 24, 1990, rack and pinion valve nenber actuating nechanismis
al so known. However, previously it had the di sadvantage of only providing
open and cl osed positions, which is notysufficient for nulti-Ilayer nolding.
SUMMARY OF THE | NVENTI ON Accordingly, it is an object of the present

by pr ovi di ngPa® PR e S AVGh bl T dbiareh (EoRbrAgathpgb in o
iti k and pinj I nb t [ hani f | ti-|

oi i ng. Tosribngho Eyihairo, THE S e i B0 T The ppafPaatadt Ve
ing. To _ 3¢ e O pP

or o mani {of ALUSnCARRE FRECCRL Buedk, Hittdn CRACReTR ERA BE KR RGr o e

nozzl & has gne dfonlREed(9f1ve #eibeh hnd e opRidee? 17°H! EBhLIBA ] eghaNNC!

extending to the nt end, and one or nore channel s “éxtendi ng
around the g i ofEl hane! gL QubhEi t f fihe sl he,heat ed
nozzl e exte%gghéggﬁgfggé%un OI% g?tﬁe% % eﬁ??gfené??%%hanneﬁppg g I gnnent

with and adigeANtcHe BaBRiér! fateRrdalll tb CAYIAY thike! NEayEY d réd&l:'i:%t. mel t
passage froma first nelt source extends through the nanlfolg and one of

the melt chwhfgks ithidie heat eshticzgddtdry t heorl | @Atk gahgplAcaesond,mel t
passage froma second nelt source extends through the nanl?old and one of

the nelt chaagakatialt ohdiaiedhaszthe tdisddvattapedofate. rédaelioeget ed
val ve menber having a rear end and a front end extends through the central
mel t channelehgthifecycdectimezzl e. A rack and pinion actuating mechani sm
reci procates each el ongated val ve nenber between a first closed position, a
second partially openAsosieeiodn dhd® .o Rafiant NeJ 4 dph, 96 EPofellrrt
actuating nmechani smincludes a rack nmenber slidably, received in the

mani f ol d_t o¥BAghgdseNed, dpridn@4f k999 @ atang RiRtoRcYdLye nnephgra r ow
of outmardlg %acigg teetg. A ﬁLvotahlg gnunted ﬁinion menber with an outer
end and an PRKEACIRG AEShanifMLdF BASPKPRAVRAI HO¥BRYShe PREVEQUSAYORY! he
rack menber

he- i hani | i | f i
Col 1 nder  adPatenitts 0daraotePERER T B078 Vi oRfR £ oRISERL on
seated in tBBS&E?BBS?thEQﬁrié%f?%tcﬁgnttofbgemulti-layer molding.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to at least partially overcome the disadvantages
of the prior art by providing a valve gated injection
molding apparatus having three position rack and pinion
valve member actuating mechanism for multi-layer molding.

To this end, in one of its aspects, the invention
provides valve gated injection molding apparatus for multi-
layer molding having one or more manifolds and one or more

heated nozzles mounted in a mold. The heated nozzle has a



14 June 2002 4 outer end of the pinion nenber and a rear piston seated i'n
the rear cylinder. The rear piston has a stemprojecting fromthe rear ;
cylinder into the front cylinder to naintain at |east a prede4 gane ReoR

m ni nrum di st ance between the front and rear pistons. First and second fluid
lines froma fluid pressure supply are connected to the front cylinder on
opposite sides of the piston, and a third fluid line fromthe fhtid
pressure supply is connected to the rear cylinder on the rear side of the
rear piston. Applying fluid pressure thrgugh the first, second and third
fluid pressure lines reciprocates the el ongated val ve menber between the
first closedep@SichidOna tFidnteendd Ralddntral @RA% RASNheAN eXtériditid Rid d
fully open position according to a continuous injection cycle. Fluld
pressure if thie Serbakeassd, f e t Bhef i85t word dahhi®agnthditi Erarag e is
applied fromthe third fluid line to drive the rear piston to a fully
forward posiehtendiin anound tlie vealitinads mdlt ichanneli tiocothieo front end
internedi ate position. This drives the el ongated val ve nmenber rearwardly
fromthe ficft theonedziesi t The heated nezahel gxbands [Srapdheasinifnld
wherein the front end of the elongated val ve nenber is retracted

suffici ent| witd athew ﬁ"entrﬂllovﬂuﬁg§m channel stime|al gnuent « Wwiddyh anse
outer annular melt channel through the at |east' one heated nozzle and the
gate. After adiaeent peei ad astte  keadingi §opresearity sinppihieemeldm t He
second fluid |ine 14 June 2002 5 to_drive the front piston to a fully
forwardly pddimstomelthpasgapee§roneacf Hhighialty HAX G exdiendsy thuandh t o
the third fully opep_positiqn wherein the front end of pﬂg el ongat ed val ve

menber is rdeaRIRER] | apdnong (Qf atPewmel iy chansis ripuwtbe heated om
the cavity FORARAS fEhe it Fgadd coffin s b oBreopdl BALE PRAGATE e & ond
Feturn the Prssnd il Sutch, ' Sthitd Theid R (B8 Webifieand b e (e,

el ongat ed Vaéhl\é: g{mﬁgﬁ’éx\ etllég 1&%&8%@&&&%@& PP ReN H}g%ﬁ% 'éﬂaftltéd? q

cavity is fil urd pressure 1s released from

line to drig hergad ¥ad veedlemBest RATiIHG & Ukbdr I&id aaied YUt @i This
drives the elongated valve nenber to the first closed position wherein the

front end ofextehdl obHRbaghY dhee centesli medtatclfanmel hdngatiket dieditdedv f or
ej ection of the nolded part. Further objects and advantages of the

i nventi on wirdzzdgneah faock ahé pixiawawtuwssiorg peichiantishie recdpetdoates t h

t he acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
sectional vieaghof elgugateth ovalveal wember edbéebyveeni oa nflidtistry adgeeest us
according to a preferred enbodi nent of the invention, 14 June 2002 6
Figure 2 isResddekamnat deeandairartdladiky | ppen 2posifipngurand ahdhiirg t he

el ongat ed val ve nmenber in thi first closed position, )
fully open position. The actuating mechanism includes a

rack member slidably received in the manifold to engage the
rear end of the elongated valve member having a row of
outwardly facing teeth. A pivotally mounted pinion member
with an outer end and an inner end has a number of teeth
which engage the teeth of the rack member. The actuating
mechanism also includes a front cylinder, a rear cylinder
adjacent to and aligned with the front cylinder, a front

piston seated in the front cylinder and connected to the



Figure 3 is a simlar view show ng the elongated val ve nenber in the second
partially open position, and Figure 4 is a simlar view show ng the

el ongated val ve menber in the third fully open position. DEJAljuRP 2002
DESCRI PTI ON OF THE | NVENTI ON Reference is first made to Figures 1 and 2
whi ch show a portion of a valve gated single cavity injection nolding for
nol ding three | ayer preforns or other products by a'conbination of
sequential and simultaneous coinjection nolding. A heated steel nozzle 10
is seated in an opening 12 in a nozzle rétainer plate 14 which forms part
of the nold 16. Wiile the nold 16 can have a greater nunber of plates
dependi ng upemtiehr epblaft &theopinien menher gaidranresr~plstion meatiesl in
retainer plate 14 and a nanifold retainer plate 18 which are secured

t oget her by Bdle yeaxr c¥limpder s Bheayeay PiekerRchap| at sten projashind or
ease of illustratiogon. The heated nozzle 10 has an inhg ral electr,cal

heating el emdfomAhFear mndndendnta ke drops: o g &2 s@datain

tral It ch | 28. T h d 10 | | i 30 whi ch
TSt coei ved At QRGN & PreSeteRIRea BEALRIR SHEEATRS iHodr the Hrant 1
June 2002 7 | ocates_the .heated nozzle 10 wth its.c tr.al | t channel 28
ext endi ng i n 3% ghfRRht RASHPRS «gat 1§§te>argnd‘??ﬁ°?%rggﬁﬁ a%b‘f%d gape @
i t 36t ity 38. It _al i i i i 4,
botween the s HResrerd =Sy DA%, FoindlchE o bhiG lkhe Riintfir o,

; . | ; . o whi f

okl ng bever 16 SEPGRLE, BiBRsC WY | e (BRELLRD dfa HiSenfAY EXnil 'ne

mol d core 46 dnyn E\%@\Y\hﬁhﬁ.ﬁg?ré@éﬁ%-sﬂ_ lf'eike‘éd?ﬁé@t:%dlot@agh%eg{ég}t end

‘48 . and a rear end 5 C uts against the front face 52 of

steel manifold,¥hdd® 6hi thel HHA CaVdé Yoenehd MRidr Wistohs OofppIwisrfl as
atrial before making a full nulticavit'y system the heated nmanifold 54

has a front @iatial poréssaré6thrdughr dve dinstyr i sedomdrandnthirde dinadl
together by bolts 60. In other enbodinments for single cavity nolding, the
mani f ol d 54 ipre=shunme linese. réaciprbeateshdiieealongatedul valvavintembexrt di ng
of two materials having different tenperature characteristics there are two
mani f ol ds, oretsweendthg ifidstonclosedhposikdon, THhessetond Ppantialdat ed
by an integral electrical heati ng el ement 62. The manifold 54 is secured in
pl ace by a mARED ReEikicni agdeokhgt thdkddfHdlyhersBnPPELEiPE: Forardiing e 18 .

by screws 65.. The heated manifol.d 54 is accurate l.ocated by g | ocati.n
o b and ke B Pratianres inpechion sBSER neBntin RRESEHE At thddet ¢

cooled mold 161 eadda J¥PSn°WE $irst fluid line and fluid pressure is

applied from the third fluid line to drive the rear piston
to a fully forward position whereby the stem drives the
front piston to an intermediate position. This drives the
elongated valve member rearwardly from the first closed
position to the second partially open position wherein the
front end of the elongated valve member is retracted
sufficiently to allow melt flow from the first melt source
through the outer annular melt channel through the at least

one heated nozzle and the gate. After a short period of

time, fluid pressure is applied from the second fluid line



An elongated steel valve menber 72 extends fromthe central melt channel 28
rearwardly into a slot 74 in the rear portion 58 of the manifold 54. The

el ongated val ve menber 72 has a front end~76 which fits in tfae;ardf9024 and
a rear end 78 which is engaged by rack and pinion actuating nechani sm 80
descri bed below. ' The el ongated val ve nenber 72 fits through a central
bore 82 in a valve bushing 84 which extends fromthe heated nozzle 10
rearwardly into a matching seat 86 in the front plate portion 56 of the
mani fold 54. A seepage hole 88 extends fromthe seat 86 to vent nelt or
corrosive gases which can be generated-by friction fron1the el ongat ed val ve

:F‘:hgmé | :ttﬂg% §ﬂot€ B?F%BE%BO E@?‘% Srend prat ifriBthi ELSEG
securely sggged4%$é¥% %%ﬁﬁ&%ﬁ&g b ?klsﬁeﬁggélnen?ag&gﬁp}§#§ kﬁg ’
hoat od manfPerd SATkRG FREW B nozz‘?ﬁeﬁ%‘ﬁtﬁﬁo%@} ERE° L EHAL o
ecei vos nemPAORERd Ve el g e ha i oane
plate portk9Ruladlecuds PEayebeRELE! Grach 2bHe! Rduirt elel@Z256ul-8eaS

shown to join the central nelt channel 28 in 14 June 2002 9 front of the

val ve bushicRgo8éhdttheEXd @21 Onek t BRah@DJah@dtHal yaternbathd? tRet he
gate 34. An insulative and resilient spacer 66 takes up the machi ne

pressure feawmitgcdyd almeét 16211dapsFlasddpresshed iis muleaisdidi Frbal ow,
the melt fromthe first inlet 98 flows to the gate 34 through the annul ar
mel t channéhe2@eayomdhdf 1wl nkihe f and £hueidepredsumeetisl Gyl bed nfirolar ough
the central nelt channel 28.
the first fluid line to return the front piston to the
intermediate position which returns the elongated valve
member to the second partially open position until the
cavity is filled. Then, fluid pressure is released from
the third fluid line to drive the front and rear pistons to
fully retracted positions. This drives the elongated valve
member to the first closed position wherein the front end
of the elongated valve member is seated in the gate to
allow for ejection of the molded part.
Further objects and advantages of the invention

will appear from the following description taken together

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view of a portion of a
valve gated injection molding apparatus according to a

preferred embodiment of the invention,



Referring also to Figure 2, the valve nenber actuating nmechani sm 80
includes a rack nmenber 104 which fits in the slot 74 in the rear portion 58
of the manifold 54 and a pinion nenber 106 whi ch extends intq Juwe o2t 74.
The rack nenber 104 has a T-shaped gap 108 whi ch engages the head 110 of

t he el ongated val ve nenber 72. The rack nenber 104 al so has two inwardly
facing flat sliding surfaces 112 whi ch abut against two outwardly facing
sliding surfaces 114 on the val ve nenber bushing 94 and a rdw of outwardly
faxing teeth 116. The pini on nenber 106 & s pivotally mounted on a pin 118
and has an outer end 120 extendjng out of the glot, 74 and_an inper end 122
with teeth 124 which eﬁggﬁﬁet%elﬁeﬁﬂﬁ?Qﬁiﬁné& Vﬁ@wrSékeﬁeﬂ%QPglepeT%ézvaIve
menber actuati ng, nechani sm 80 al.so includes a front cylinder 126, @a rear
cylinder 1281BI Figke & hawing tha elpnoaed Yaive meRbar ohstha BBrsteat od
in 14 June ﬁooz i0 tggéfront cylinder 126 and a rear piston 132 seated in
the rear cyl PhA8Fd1P8SIRLOBan be seen, the aligned cylinders 126, 128 are

e oo omer oy oIS, BT FEE e R B8y Tl Pl el U BBt BT ©
oS o P nacdai S8 ReRber 2R eRBOSLLENT PERL LIPS ObERboRLEIOR, dRa ThE

rear cylinder as a vent hole extendin sfde of the

rear piston 132 and a F*ﬂi;ﬁf'eakri_éiQ%Mﬂl&@%%&iﬂ%%ﬁ@%%&ﬁ g4 the
rear piston 132. Wiile a“pneunmatic actuating nmechanism30 1s sho In

ot her enbodi ¢gRIVE Aehibdfatthi €haCtHREaNBuTEE NapeRHESLLPEnlUsed. The front

pi ston 130 is connected by a connecting rod 146 to the outer end 120 of the
pi ni on nenber 106. The rear cylinder 128 is shorter in length than the
front cylinder |26, and the rear piston 132 has a stem 148 which projects

t hrough a hole 150 i n DECAMIED DFBCRIPFIONeOFr FHE TWVENQEONLI?26 to maintain
at |l east a predeterm ned m ni num di stance ' bet~feen the front and rear

pi stons 130, 132. |n uBeferérceniecfivst made e sKlqwres sl cusdnd|whiicls
shown in Figures 1 and 2 and operates to formthree |ayer preforns or other
product s wi t iheWe abReytekon a9Er aofvad Vientgated simglescRVdtiYorinjeehiont ween
two |ayers of a PET t Be material. as follows. Electrical power is_applied
to the heatiﬂﬁlgFBﬁeﬁg BO1A1Rg LRSS | LAYRY RRLINTH &R i WP deedn é?in
t he mani fol d, 54 tolggat them t

a_sui e 14. June 2002 11 operatin
enper at ur e, PR ORI o FRaRRbtagY Thg Luniiateats SR core
46 to cool t 16 tel Fy i Vs i
i njection cyﬁlg%gglrig( no{\ é%%%\%? %%%%?gﬁds %ﬁ? ﬁiyf]ié:gi%%%tng%q ﬁ?é:%égﬁg
pressuri zed | t..suc ¢ r t T ia
into the firs %8|? gggég%%H%%¥§Hgﬁgq§§¥%%dﬁ?2%%@%?0§O%§Fikﬁg¥P?Hg?£§%omn)
mounted at tfgigegend iwHidle Iire IdURE!He 20 NRAVE 8S G¥ehatd MRinbehigh is a
suitable barrier material such as ethyl ene vinyl alcdhol copol yner (EVOH)
or special ngheBesntepbhaingcapdnmthe pppIdeation,adeortiing dibéddiment
predeterm ned injection cycle. As nentioned above, when nolding materials
such as theseanhgvihe dokizaeemetathernglptientid, ando amfifaldaret&ineane in
front of the other heated to different tenperatures are used. Controlled
pneunmati ¢ prpiastieeld rvinich mmEs ssaradtogetbesl by bpptse20f caseeblrasi nes
138, 140, 144 to reciprocate the elongated valve nenber 72 according to the
i nj ecti on cyadl eavikyr sretaiinepr epdate i 22r er¥g@seshowtym thex f igase ai@®f | i ne
138 and air pressure is applied through the third air |ine 144 which drives
the rear pistdhugiyation-ful IThe ohgat@dobrerds. Ihe BreEmans eseEedlng

into the f | i,nd 126.dri th t .pi st 130 t int i at
nto,the [rom culbader 120,00 uge i oot Pist a1 A0 0.) iperrmpace
froma first gl gsed BORLL LROLREOW bt Eh9UE81t channel 28. The heated

nozzle 10 has a collar portion 30 which is received in

circular seat 32 extending around the opening 12. This



14 June 2002 12 2 to a second partially open position shown in Figure 3. In
this second position, the front end 76 of the el ongated val ve nenber 72 is
retracted sufficiently to allow PET fromthe first nelt pasgagand@ope f! ow
t hrough the annular nelt channel 26 in the heated nozzle 10. After a small
quantity of PET has been injected into the cavity 30, air pressure is
applied through the second air line 140 to drive the front piston 130 to a
fully forward position. This drives the el ongated val ve nenber 72
rearwardly to a third fully open positioh shown in Figure 4 in which the
front end 76 of the elongated valve nmenber 72 is retracted sufficiently to
al | ow t he bargdsfedratiss ittdatiadMd2rl & expnd tielittspeentya 112 1to dcHanmdr ough
the central nelt channel 28 and the gate 34 sinultaneously with the PET
fromthe firag ewidndiassage L Jrinentnwith eugfatiehs 4aextlending tthdugtel 26.
The barrier material flow ng sinultaneously wwth the PET splits the PET
flow in tw aarcbgledigixte ainsertade| hgea cavihy Barri &t mdiser ipdovdatesen
two outer |ayers of PET. Wien the cavity 38 is alnost filled, air pressure
i s rel eased dn dmsatios ad mispalcen4 01hetwaen athe hreaked nazzkep e éand rom
the first air line 138 to return the front piston 130 to the internediate
posi ti on whithe rmunrernding aold ke high dsnseededy by: puppd nge cal ing

partially open position. This c]oses off flow of the barri mat eri al

through t he %akf¥ athrongh: EeREING g conduite, 42 on| tF%TcaViA:YJuﬁﬁ P 13

inti1 the cARELPEbRESTATRC Ot EC TR AaTIR Sandy ar%%ﬁ«aan”e'af S o
thel r iy 795G B T8 AL 4Rrd e B f SO ASHRL SEIgR ed val ve
nmenber 72 to the fi rSt%‘i‘L‘tﬁggFF 'n['z%'i ?thésp i Q%o?stzé’ﬁ h4ht§RPt qQnt end

76 seated in the gate 0 he nol™d t 0 open for ejection

ej ection, theJpl dnh4b g¢s \&lai)éﬁdaﬁ{lﬂs Ryaghee ﬁr&re%ﬁ{;eqsawts@us'fslay
every 15 to 30 seconds with a frequency dependi ng upon the wall thickness

and nunber Hehtsdd Stdel Marirold &2 .381ANEhid&siadid Jwiidly anﬂodaﬂnr@t
nol ded. While the description the valve gated injection nolding apparatus

havi ng t hr eewlphst timnoftak weetl psiortridl defioree makinegata fplieahdtiism has
been given with respect to' a preferred enbodinent, it will be evident that
ot her vari ousavisly f syatewns tivee lpeated| vanifobdit Sdemft imgfrensn p¥ateacope
of the invention as understood by those skilled in the art and as defined
in the fol | wrienaiSfs. ardr andtehice cyliadydealdi ppobhion 14 tSeawed
position actuati ng mechani sm has been given for three |ayer nolding with a

Tty iy S ot kg tieypts i
havi ng two ?Jiég’i'é\%e Lhe ln?"i"& %/g'ﬂ ﬁ o?n? f%irﬁ%/ s[ﬁbw?ql}%rt he
2216, 257 1 .2?%1&0‘?%? a”tff RIS m@%ﬁi@ avEa i Hathrets
Tnj ection néj%ﬂg% | n ] ?{ﬁigéx\t/ﬁﬂpéec J‘xlyc?tetﬂr c&oﬁ-_'ht é:%n aaz@ Yatd ng

mechani sm ca y app I'cation by provi a separate

actuating rrqggs@ffémépr Aifheleah@89ng0ozfl €£18nt of the other.  The

manifold 54 is heated by an integral electrical heating
element 62. The manifold 54 is secured in place by a mold
locating ring 64 attached to the manifold retainer plate 18
by screws 65. The heated manifold 54 is accurately located
by a locating pin 68 and has an insulative air space 70

between it and the adjacent cooled mold 16.



14 June 2002 15 The enbodi nents of the invention in which an exclusive ;
property or privilege is clainmed is defined as follows: 1. _ In valve gated

i njection nolding apparatus for multi-layer nolding having I e
mani fold and at | east one heated nozzle nmounted in a nold, t %J@@gﬁgggt one

" heated nozzle having a rear end, a front end, a central nelt channel
extending to the front end, and at |east one annular nelt channel extending
around the central nelt channel to the fyont end of the nozzle, the at

| east one heated nozzle extending fromtthe at | east one manifold with the
central nelt channel in alignment with-and adjacent to a gate leading to a
cavity in the nold, aahiedongatedpstesde vialye emhen 7| extendsefygmendi ng
through the at |east one nmanifold and at |east one of the melt channels in
the at | eastheneeméaadd medty|channehe28| reatuaydly, inte-eorflofl 74 pibsage
froma second nelt source extending through the at |east one panifold and
at | east onthef nepr neertienn®s ©F nthee manifold 3he ndhedehsngpteds the

o1 dned 0ol e, 90 SeaBiat 0 Yalve RN Lo 81T ¢S Bkl ol o
o e e T ST At CRE HATer Bt i) P35 AR
Rt L O L B o ek R
end of the Var$arTEHRE 77 L1 T RAH L NRAE Beed g IS VAT v
outwardly ' p{,apiiRg t 84! Nwhich extends from the heated nozzle 10
rearwardly into a matching seat 86 in the front plate
portion 56 of the manifold 54. A seepage hole 88 extends
from the seat 86 to vent melt or corrosive gases which can
be generated by friction from the elongated valve member 72
reciprocating in the bore 82. The elongated valve member
72 also extends rearwardly through an aligned bore 90 in
the front plate portion 56 of the manifold 54 and an
aligned central bore 92 in another bushing 94 securely
seated in the manifold 54.

In this embodiment, a first melt passage 96
receives melt through a first inlet 98 and extends through
the heated manifold 54 and the heated nozzle 10 as shown to
join the annular melt channel 26 in front of the valve
bushing 84. A second melt passage 100 receives melt
through a second inlet 102 and extends through the front

plate portion 56 of the heated manifold 5S4 and the heated

nozzle 10 as shown to join the central melt channel 28 in



I

(b) a pivotally nounted pinion nenber with an outer end and an inner end
having a plurality of teeth which engage the teeth of the rack nenber, and
(c) a front cylinder, a rear cylinder adjacent to and aligne i th :
front cylinder, a front piston seated in the front cylinder g%#'ieo?ﬁéwdégt ed
to the outer end of the pinion nenber, a rear piston seated in the rear_
cylinder, the rear piston having a stemprojecting fromthe rear cylinder
into the front cylinder to naintain at I§:ast a predeterm ned m ni mum

di stance between the front and rear pistons, first and second fluid |lines
fromfluid pressure neans connected to the front cylinder on opposite sides
of the frontEyurt of atdea valve fhushiirng n@4f randf | extenpd e satowndreane
connected to the rear cylinder on the rear side of the rear piston, whereby
appl yi ng fl €longatssilirealve onghbehe7Ri tot thee@ate a. t hAnd ihswilatdvessur e
i nes 14 June 2002 17 reciprocates the elongated val ve nenber between the
first cl osedrsbstasickienthepacein @ pliakes Mp &g@nmp@bﬁmonraﬁ@w fixioy d
fully open position according to a continuous injection cycle, wherein

flui d pressuyreconad finlat A02%asEhusy odftdeseriked finmeng detadd bediow,
pressure is applied fromthe third flujd line to drive the rear piston to a
fully forwartieoBeltofnaerEhe fHEss: it 28 THOWs ok Fhe Bate ¢

i nternedi ate position which drives_the_el ongated val ve_.nenber rearwardly
fromthe firdiredgyecbneodnpppdar: et e‘%’@é‘&‘?ﬂ % 1araunA obhe pedtt faem

wherein the firont end .of,the el.ongated val ve.nenber js retract "syf f
iciently to A% oferORe 18451 f@%\ t%goI’IlI)%t %Q[qg%sotﬁee qsh éII‘?II(}'ut er
one ,of the cfi'IarIrF tygne annul ar nelt channel through the at |east one
heat ed nozzle an he gate, after a short predeterm ned period of tine

fluid pressure is apD'ﬂ%Efﬂ{&?Q&sb SI?&O?QIgPrEUIﬂ, | {RE t&hﬂFéVﬁernP;\‘jexjront

piston to a fully forwa y position which ives the el ongated valve
mermber rear wtllat £1y t HechBhigmf glol Yimpamdnsa t raskWarididt t 164 f Wddichend of
t he el ongated val ve nenber is retracted sufficiently to allow sinultaneous
f1ow of el tfffgeonin Rehe arkutd Teliin Hhiey eeatrhpougliohhegcest the f@anht rohdnnel
and the gate, when the cavity is alnost filled fluid pressure is rel eased
fromthe semndnd "o pihibmeaed)ed 1061&hfilchi éxtendsahdtbl thd pletsgde i s
applied fromthe first fluid line to return the front piston to the

i nt er nedi at Fhppsra¢chmenben Lefubas eh& EoReS apyal98 wakohr engages
second partially open position until the cavity is filled, and then fluid
pressure is thg durad IEBHPFh@hFhierld’"Blaﬁie& Vedeer grehare the fTBAt YA6H rear
pistons to fully retracte ositions which drjives_ the el ongated_yal.ve
menmber to tH‘Iﬂ%r%t 1&4058358051??? OII:%eFBI"ﬁrflIIﬂé fmn%ntfl%fttﬁélal’-&ﬁgat ed

val ve nenber_.is seategéitn t he ﬂate Il@ al | ow f,or ,ejection of..the_nol.ded
0

part. An i nﬁgr‘{ﬁlfe%?shj ST ?ia app%?%*%sst ast"Ia ar Hairﬁlé(l aFﬁ\ch.nfgor

th I | g Lot I t | I

ol ¢ chanmel® BA TR ST 6Tl theh ol ol Ths (S anihcecp fud fPpchRzA "
f [ t |, th

Cacond el ¢ o Sy B e Lt o B R PO e RS

nel t channelys P Jodd 01y Wurdt dblon™ pisodn8eahal A¥E hHrsu4ebyt BRaaABwl ar
melt channel when the €l ongated valve nmenber is in the second partially

open positi ektaiding! butr of tdite seTotid 7aelands ol Cénfiefuldnanepes| wikhl ows
through the central nelt channel when the el ongated val ve nmenber fs in the
third fully togeth pp24t wbhdch engage the teeth 116 on the rack member
104.
The valve member actuating mechanism 80 also
includes a front cylinder 126, a rear cylinder 128 aligned

with the front cylinder 126, a front piston 130 seated in
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claimed in claim2 for single cavity xaol ding conprising only one manifold
and only one heated nozzle extending fromthe manifold. 4 . ﬁ? d
i njection nol ding apparatus as clainmed in claim1 having a v 9%R¥éﬂ%§r
bushing seated in the at | east one nozzle, the valve nenber bushing having
a rearwardly extending portion projecting into the at |east one manifold, a
val ve nenber bore extending therethrough in alignment with the central nelt
channel through the at | east one heategpnozzle to receive the el ongated
val ve nenber therethrough and at | east one outwardly facing surface,
wher ei n t héhea€iromt? oiydindes aR6l easdt aomearnpastion 132i agatedf dnethlei dabl y
abutting against the at |east one outwardl y~faci ng surface~of the valve
menber busbhrieag:. cxmquemsazam-/&Sp¢gmeh@.seen. the aligned cylinders
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ca ki1 MlJJeKKheumatic actuating mechanism 80 is shown, in other

embodiments a hydraulic actuating mechanism can be used.
The front piston 130 is connected by a connecting rod 146
to the outer end 120 of the pinion member 106. The rear
cylinder 128 is shorter in length than the front cylinder
126, and the rear piston 132 has a stem 148 which projects
through a hole 150 in the wall 152 into the front cylinder
126 to maintain at least a predetermined minimum distance
between the front and rear pistons 130, 132.

In use, the injection molding system is assembled
as shown in Figures 1 and 2 and operates to form three
layer preforms or other products with one barrier layer of
a material such as EVOH or nylon between two layers of a
PET type material as follows. Electrical power is applied

to the heating element 24 in the nozzle 10 and the heating

element 62 in the manifold 54 to heat them to a suitable
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conduits 42 and the mold core 46 to cool the mold 16, the
gate insert 36 and the cavity 38. A first injection
cylinder (not shown) mounted at the first inlet 98 injects
pressurized melt such as a polyethylene terephthalate (PET)
type material into the first melt passage 96 and a second
injection cylinder (not shown) mounted at the second inlet
102 injects another pressurized melt which is a suitable
barrier material such as ethylene vinyl alcohol copolymer
(EVOH) or special nylon into the second melt passage 100
according to a predetermined injection cycle. As mentioned
above, when molding materials such as these having
different melting points, two manifold mounted one in front
of the other heated to different temperatures are uséd.
Controlled pneumatic pressure from a pressure supply is
also applied to the air lines 138, 140, 144 to reciprocate
the elongated valve member 72 according to the injection
cy&lé.

First, air pressure is released from the first
air line 138 and air pressure is applied through the third
air line 144 which drives the rear piston 132 to a fully
forward position. The stem 148 projecting into the front
cylinder 126 drives the front piston 130 to an intermediate
position which, in turn, drives the elongated valve member

72 rearwardly from a first closed position shown in Figure
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2 to a second partially open position shown in Figure 3.
In this second position, the front end 76 of the elongated
valve member 72 is retracted sufficiently to allow PET from
the first melt passage 96 to flow through the annular melt
channel 26 in the heated nozzle 10. After a small quantity
of PET has been injected into the cavity 38, air pressure
is applied through the second air line 140 to drive the
front piston 130 to a fully forward position. This drives
the elongated valve member 72 rearwardly to a third fully
open position shown in Figure 4 in which the front end 76
of the elongated valve member 72 is retracted sufficiently
to allow the barrier material from the second melt passage
100 to flow through the central melt channel 28 and the
gate 34 simultaneously with the PET from the first melt
passage 96 flowing through the annular melt channel 26.
The barrier material flowing simultaneously with the PET
splits the PET flow in two and provides a central layer of
thé barrier material between two outer layers of PET.

When the cavity 38 is almost filled, air pressure
is released from the second air line 140 and air pressure
is applied from the first air line 138 to return the front
piston 130 to the intermediate position which returns the
elongated valve member 72 to the second partially open
position. This closes off flow of the barrier material

through the central melt channel 28 and allows only PET
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from the first melt passage 96 to flow through the annular
melt channel 26 until the cavity 38 is filled. After a
short packing period, air pressure is released from the
third air line 144 to drive both pistons 130, 132 to their
fully retracted positions. This, in turn, drives the
elongated valve member 72 to the first closed position
shown in Figure 2 with its front end 76 seated in the gate
34 to allow the mold to open for ejection. After ejection,
the mold 16 is closed and the cycle is repeated
continuously every 15 to 30 seconds with a frequency
depending upon the wall thickness and number and size of
the cavities 38 and the exact materials being molded.
While the description the valve gated injection
molding apparatus having three position rack and pinion
valve member actuating mechanism has been given wiFh_
respect to a preferred embodiment, it will be evident that
other various modifications are possible without departing
from the scope of the invention as understood by those
skilled in the art and as defined in the following claims.
For instance, the description of the three position
actuating mechanism has been given for three layer molding
with a single manifold, but it can also be used with
apparatus having separate front and rear manifolds. It can
also be used for five layer molding by having two PET melt

passages with a valve in one of them as shown in the
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applicants' Canadian Patent Application Serial Number
2,219,257 filed October 23, 1997, entitled "Sprue Gated
Five Layer Injection Molding Apparatus". Furthermore, this
three position actuating mechanism can be used in a multi-
cavity application by providing a separate actuating

mechanism for each heated nozzle 10.
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The embodiments of the invention in which an
exclusive property or privilege is claimed is defined as

follows:

1. . In valve gated injection molding apparatus for
multi-layer molding having at least one manifold and at
least one heated nozzle mounted in a mold, the at least one
heated nozzle having a rear end, a front end, a central
melt channel extending to the front end, and at least one
annular melt channel extending around the central melt
channel to the front end of the nozzle, the at least one
heated nozzle extending from the at least one manifold with
the central melt channel in alignment with and adjacent to
a gate leading to a cavity in the mold, a first melt
passage from a first melt source extending through the at
least one manifold and at least one of the melt channels in
the at least one heated nozzle to the aligned gate, a
séCona melt passage from a second melt source extending
through the at least one manifold and at least one of the
melt channels in the at least one heated nozzle to the
aligned gate, an elongated valve member having a rear end
and a front end extending through the central melt channel
in the at least one heated nozzle, the improvement further
comprising;

rack and pinion actuating mechanism to
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reciprocate each elongated valve member between a first

closed position, a second partially open position, and a

third fully open position, the actuating mechanism

comprising;

(a) a rack member slidably received in the at least one
manifold to engage the rear end of the elongated valve
member, the rack member having a row of outwardly
facing teeth, §

(b) a pivotally mounted pinion member with an outer end
and an inner end having a plurality of teeth which
engage the teeth of the rack member, and

(c) a front cylinder, a rear cylinder adjacent to and
‘aligned with the front cylinder, a front piston seated
in the front cylinder and connected to the outer end
of the pinion member, a rear piston seated in the rear
cylinder, the rear piston having a stem projecting
from the rear cylinder into the front cylinder to
maintain at least a predetermined minimum distance
between the front and rear pistons, first and second
fluid lines from fluid pressure means connected to the
front cylinder on opposite sides of the front piston,
and a third fluid line from fluid pressure means
connected to the rear cylinder on the rear side of the
rear piston, whereby applying fluid pressure through

the first, second and third fluid pressure lines



10S#f1 10 10 10 6109%& ()-,+ 109 ()-3 ,( 109 ()- '!109%& ()-
@909 () - AMAMDMWNN: O A<YNC 10!t M &10% /[/ & ()-- &10% & ()--!ae

&10%4 H & () - - ! &10%</x/&'()--,10%&'()-#sglo%&'()-:O?RRR,RI,ij@#I
V0% {& ()--!1 %0%B5& ()--S109B& () - #f 109%6& ()- 10H H 10H Ta
&10% H & () - - DWW VVWYuVv4 |1 1098 () -

17

reciprocates the elongated valve member between the
first closed position, the second partially open
position and the third fully open position according
to a continuous injection cycle, wherein f£fluid
pressure if first released from the first fluid line
and fluid pressure is applied from the third fluid
line to drive the rear piston to a fully forward
position whereby the stem drives the front piston to
an intermediate position which drives the elongated
valve member rearwardly from the first closed position
to the second partially open position wherein the
front end of the elongated valve member is retracted
‘sufficiently to allow melt flow from the first melt.
source through an outer one of the at least one
annular melt channel through the at least one heated
nozzle and the gate, after a short predetermined
period of time fluid pressure is applied from the
second fluid line to drive the front piston to a fully
forwardly position which drives the elongated valve
member rearwardly to the third fully open position
wherein the front end of the elongated valve member is
retracted sufficiently to allow simultaneous flow of
melt from the second melt source through the central
melt channel and the gate, when the cavity is almost

filled fluid pressure is released from the second
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first fluid line to return the front piston to the
intermediate position which returns the elongated
valve member to the second partially open position
until the cavity is filled, and then fluid pressure is
released from the third fluid line to drive the front
and rear pistons to fully retracted positions which
drives the elongated valve member to the first closed
position wherein the front end of the elongated valve
member is seated in the gate to allow for ejection of

the molded part.

2. An improved injection molding apparatus as claimed in claim
1 for three layer molding wherein the at least one heated
nozzle has one annular melt channel extending around the
central melt channel, the first nelt passage from the first
melt source extends through the annular channel, the second
melt passage from the second melt source extends through
the central melt channel, melt from the first melt source
flows through the annular melt channel when the elongated
valve member is in the second partially open position, and
melt from the second melt source simultaneously flows
through the central melt channel when the elongated valve

member is in the third fully open position.
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3. An improved injection molding apparatus as claimed in claim
2 for single cavity molding comprising only one manifold

and only one heated nozzle extending from the manifold.

4, An improved injection molding apparatus as claimed in claim
1 having a valve member bushing seated in the at least one
nozzle, the valve member bushing having a rearwardly
extending portion projecting into the at 1least one
manifold, a valve member bore extending therethrough in
alignment with the central melt channel through the at
least one heated nozzle to receive the elongated valve
member therethrough and at least one outwardly facing
surface, wherein the rack member has at least one inwardly
facing surface slidably abutting against the at least one

outwardly -facing surface ‘of the valve member bushing.

*



