| NJECTI ON MOLDI NG DEVI CE AND METHOD BACKGROUND OF THE | NVENTI ON 5 1.
Field of the Invention The present invention relates to devices and
nmet hods for manufacturing nedical devices, and nore particularly to a
fully automatic, mniature _sized 10silicone noldingﬂcell t hat
utilizes a novel silicHEGRIQONMOLRINGYAEVIGEANDIMETRQAD t 0 produce
a drug delivery device or portions thereof for use in the eye. 2.

Di scussion of the Related Art 15The corner of each eye is called a
canthus, with the nose side called the nasal canthus and the ear or
tenporal side called the te -oral cant hus. At the | ower and upper
eyel i d mar EASKEROUNDLQE: RNTISMN spal | openings cal | ed puncti
or puncta. As used hereln bot h puncti and puncta shall be understood
to be the plural formof punctum Each punctumdrains tears fromthe
eyes. A 20pdncFaid pf thge mventichuder is an ophthal mic device for
insertion into a punctumof an eye in order to treat one or nore

di sease states. Typically, a punctal plug is positioned to block tear
drai nage thereb t I ;
it 11 20d Tor sust s ARserL I8 RhofIHlaRYRs AcMeRs!dld MEMERY i RfaBring
treat nent ohedical devices, |aa§rtjymofe perticalarlgits adsibg auﬂﬁnatlc minidturecsizked t o

treat infection, infla Iaucoma nd ot her, ocul ar di seases,
drugs dFe cﬁ”‘tcé?ﬁerr@ﬂlﬁlf mm][ abé‘t' i QY E‘POPS Tﬂ'réi %}FEP'UJ&Q@Y injection’

conventi 0”@Jmt"€81d?8§ué€ adrig el ¥ideSomYortioRs Gdre8PR) lLsaLH Bk E&bt he
eye's surface. The eye is uniquely suite to this surface route

drug adm ni stration 30because, properly constituted, drugs can
penetrate tBraygh s, SPIPREIES At

15 The corner of each eye is called a canthus, with the nose side called the
nasal canthus and the ear or temporal side called the temporal canthus. At the
Jower and upper eyelid margins of the nasal canthus are small openings called
puncti or puncta. As used herein, both puncti and puncta shall be understood
to be the plural form of punctum. Each punctum drains tears from the eyes. A

20 punctal plug or occluder is an ophthalmic device for insertion into a punctum of
an eye in order to treat one or more disease states. Typically, a punctal plug is
positioned to block tear drainage thereby helping treat dry eyes. Punctal plugs
may also be utilized for sustained release of medication to the eye for the
treatment of a wide variety of ocular diseases.

25

In order to treat infection, inflammation, glaucoma, and other ocular
diseases, drugs are often required to be administered to the eye. A
conventional method of drug delivery is by topical application to the eye's
surface. The eye is uniquely suited to this surface route of drug administration

30 because, properly constituted, drugs can penetrate through the cornea, rise to
therapeutic concentration levels inside the eye, and exert their beneficial
effects. In practice, eye drops currently account for more than ninety-five (95)

percent of drug delivery methods for the eye. Rarely are drugs for the eye
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t herapeutic concentration |levels inside the eye, and exert their
beneficial effects. In practice, eye drops currently account for nore
than ninety-five (95) percent of drug delivery nethods for the eye.
Rarely are dru%s for the eye  adm nistered orall y injection,
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conplicate I cant systemc s e' dr ops,
ef fective, wsedsuwongllicatd layldlgnrﬁebht systamic Mﬂemf@mteye drop is
instilled in the eye, it typically overfills the conjuctival sac, the
pocket between the eye and the eyelids, causing a substantial portion

of the drop to 8,d g%hs d‘gﬁ)tdgﬁu ﬁecftn%oéﬁ‘e%nrbﬁﬁef)éﬁg ifeMBEat "WHEPah BGe

cheek. In addition, a su portion of remai ni ng on
t he ocul ar dsrupﬁamstlilad waﬂ;ﬂe&&aavﬁyplmehyovmmthmd:cmjtltte/a! eac, tlegiotage

system thereby diluting t concentratijon of, the,.dr . Not.only is
Th L T har sl g S SpbdRe ORRENdbingr SlntERud P e b 1R brR
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absorbed into the genera ci rcul at'i on, sorretl mes | eading to serious

systeni ¢ sistidstertia p@rtlomrté teenalrop p@nainmg on theecdauguiface lsevestedawpy
whi ch q es 1 eneIE ﬁkertt e carnea result
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phar macol ogjrggl Neh ol is AR share 95 U 8RRCETHE Bbt BEfotd R taargsatHey
decreases, such that by the tinme the next eye drop is due, the tissue

concent r at ic@finedPut I’ﬁ@&&%@@ﬁ@é@gﬂ@mﬁﬁ:@ﬂfﬁgﬂd@m themese ang,threatierediis

20 do
ot use tnetrol Rt BRI SRR LA TR S ST RGBSR Dkl s
due to an ishid Efibctst iThg mampohuﬁmﬁtgewagmtr@eﬁaadﬁﬁﬂ;vbnthtd@seye
drop. Certainly, instilling eye drops.in one's own eye can be

di fficdPt, AeweyaEq thseeqinga Teslitip %mﬁml peak ftiggue 509%?@@& atighetye.
a der pati e tmls*\%\aﬁgraﬂ%ﬁfh%ﬂﬁh]aP dQJV B @é@néé%éc?gm[s%ugue to

arthritis, unsteadi ness, and decrease ediatric and
psychi atri c:opaén&arlﬂorpﬂmui @tdoaly pesreades fsunhl thatby Ehe tvaklthe next eye
Accordi ngly

s provi de a vi a or solvin
or obl s olo8HS dupntiSae RoBFeRtatin g Gtte TeryiahararagAsdle Sirect
Punctal pl ygsy ngopqwgf the tenporary variety or of the pernmanent
variety. Tenporary punctal plugs are usually fabricated from coll agen
or oth@d simlar material and are dissol vable. Tenporary punctal
plugs may be ut I'Ilol éc?nqpound the problems described above, patients often do not use
their eye drops as prescribed. Often, this poor compliance is due to an initial
stinging or burning sensation caused by the eye drop. Certainly, instilling eye
drops in one’s own eye can be difficult, in part because of the normal reflex to
25  protect the eye. Older patients may have additional problems instilling drops
due to arthritis, unsteadiness, and decreased vision, and pediatric and
psychiatric patient populations pose difficulties as well. Accordingly, punctal
plugs provide a viable means for solving the problems of reliable and efficient

drug delivery to the eye.

Punctal plugs may be of the temporary variety or of the permanent
variety. Temporary punctal plugs are usually fabricated from collagen or other

similar material and are dissolvable. Temporary punctal plugs may be utilized
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for short duration treatnment or to gauge how an individual will react
to having the insert placed, for exanple, wll the device cause
excessive tearing. Permanent punctal plugs are for long termuse and

are renovabl e at any tine. Permanent t al s are available in
vari ous si ZHQESWP@I‘# Féon E@%@%ﬁfntsqrf%gla Q??'@f‘"f %“g rﬁﬁ‘d%@l"ﬁ reas thiiaving
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| acrimal canaliculuS are often utilized interchangea

used her ei madaefpilinonem neans t he opening and the canallculus is the
passageway or duct-like pathways that lead to the lacrimal sac. If
the punctal 15plug is used to deliver therapeutic agents to the eye,

then the body pqﬂ&tpUﬁBta'FPMJQCt?BWéW%c%de%S&bkﬁeybof‘tilfn fobdidgasdhrough a
t herapeutic agents and | arette may conprise an opening in
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difficult to manufacture than | arger devices. Mre inportantl

manuf act ur i MNCE¥REIancdlagiiaes camalicu L@p@r@t@‘tﬂ@u@ﬁ@drléhar@mr@awwnépweyer
even mor € déSLno Ohére]grﬁa‘ctﬁg %'n@ﬂJrX’m%ér]%rt‘Flee aﬁrfﬁ gnE'Wéjﬁgﬁélic%hfs |§ tm}cro

nold and te oduci '’ng punc ptugs Wi th

greater ef fpassegeway@v@nchhlgéwﬁatrmsq/elthat laad thitigh Ricrirepeatali thetpurichen
currently utilized technol ogh 30 SUMMARY OF THE | NVENTI ON The
i nj ectildn rRIrGiSEsHbiA dRiveRdNIrePRBEC BECRIBO She S¥At theABRbOgY portion may

¢ ) . _
descr i bed stvaiety Raalar T RAuAbile thérpelf Bbbe dd 1R%udHahAld hay
i nvent i on icomprisecardpeningrin communication with the reservoir through which the

therapeutic agents are released.

20 Punctal plugs are small. For example, punctal plugs may be in the
range of 0.2 to 0.4 millimeters in diameter and up to 2.0 millimeters in length.
Devices so small are inherently more difficult to manufacture than larger
devices. More importantly, manufacturing small devices in a repeatable and
reliable manner is even more difficult. Accordingly, there exists a need for a

25 micro mold and technology for producing or manufacturing punctal plugs with
greater efficiency, even higher quality and higher repeatability than currently

utilized technologies.

30 SUMMARY OF THE INVENTION




i njection nol ding device. The injection nolding deivice conprising a
cartridge assenbly defining a chanber for housing a canister of

prem xed, one-to-one ratio m xture of thernoset elastoner, a cold
deck nozzl e assenbly, the cartridge assenbly being connected to the
col d deck nozzl el Bdegtion mmdmggﬂewge@ndrmeéw Qfﬁg@u@re/%ﬂntenmlon

ol d deck roprdhglng IRHIROR -SRI BT BB B BRERE R ghiod S
mani fol d blgsd¢ewi th an internal passageway in fluid comunication

with the cartridge assenbly and adapted to receive thernoset
el astoner therefrom and a cold deck nozzle in fluid communi cati on

wth the 15inter enay i 1) ecli

assenblgsl connectlggéc&Bf(ga(ﬁ:ﬁ%y tOOP%QQE%F%W@%@%%@E%%@Q@Zsrr%':r%aegF[l%an
m cro pl ungejection esldion dsseblye agagtidrsimoging dewtiengapdsiag i vadedge
noveabl e therein, the plunger configured to drjive the thernoset
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assenbl y angn@ mxﬁeé%f@f&hqq%%%éla%m ﬁraewdga%k%gggﬁa%t%gnﬁﬂg'tgat omer

di spl acenment for a single shot I's substantrally e esired
shot wei ghtcartridge assembdy beingestrmestddtosthetdudd daslpeotzle tassembsibindugh

mention is directed to a neyhod for injecti.on nmoldin conponent .
The. metfod LB SSRGS SapaHiran MERHTEBNG St PoTeh i ae
of ther nosely@ltesinfiie £818MRK Rl 98 naNs SRR 6IP 868K hD718 ae8Bindher

h
of the thernoset elastoner into an internal passage &cﬁ a cold dec
nozzl e asseamohyrjsiage rdanifcld dpladkewitinenrinisetalglassagaway trhfladgh t he

] P o L R MORRNS EIRRO MG it
shot is 30sdsbailritRelefroffuld 4 eold@edkesdZAdinsial coridhticafior Meh the

conponent . The mcro silicone nold nounted plunger injection
uni t orlSsydntennalipassagedarcandwd hicichelupges siectiomassendny cenregied gur ed

as a cold T ] ilicone, ol d mount ed. pl unger

"o ect i on SJELRENREb g KTIoEeR AN b Ra Rt BHRRET y e dR dssemiyy
cartridge &mﬁgwﬁ; athdtsficPamd Hengdrtheedans tirsieriTihe pRitdef c6figlired
deck nozzl e assenb ){ all directly interconnected with one anot her,
and cont r oltp SvByhe heyRtasst elgpieraat thsough the infgraahpesosivaycdiibe sold

nount ed pl r t i i | fu.cal duces
the 1 ow patRRoIo2ER sl SRApREER dbik FREAEABER e el fiob St s
i ncreaged whasdtemsmsiisplaserendifoed.sindie tshibs issytstseamtidie eiqoiakiet therdasiret
is incorpo%%%ed into the silicone nold extrenely close to the cold
shut-of f 16GWEE¥EENtThe system has a greatly reduced material flow
channel dianeter which is held constant up to the point of exiting
the cold nozzle orifice. This provides a stable pressure constant
within the systdmagapideacenyih anotaer aspeptotha Pisgeatinentiay i dirgatadto a

the 1 engt h SRR ISR EIT HRIgRE R oIt Mo B EombREHG Fio MG s
25  premixed, one-to-one ratio mixture of thermoset elastomer from a cartridge
assembly securing a canister of the thermoset elastomer into an internal
passage of a cold deck nozzle assembly, and driving the thermoset elastomer
through the internal passageway of the cold deck nozzle assembly and a cold
deck nozzle, wherein the thermoset elastomer displacement for a single shot is

30  substantially equal to the desired shot weight of the component.

The micro silicone mold mounted plunger injection unit or system in

accordance with the present invention is configured as a cold deck system.



15i njection stroke end position is |located at the junction of the
material flow channel and the cold shut-off nozzle. This arrangenent
and reduced material channel volunes significantly reduces materi al
conpression_and pressure varjation in the flow of the materi al

t her eby proli®iMigosilisenedpokhppupiedspgnoecipiestianisysieyn comprises threghe

mcro size i . ko I [l I it of
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smal | si ze infectibe agpembtyi argd aniold dack adude dssamdiy Al diréaly ipgrbonnected
vol une, the elimnation of pressure fluctuations in the materi al

sub- syst em Wil @PgFNPINGINANY £A0EPHShDY A GOREObBY&IEMat i on in the
injectign process, a reduction in material waste and costs because of
the single cartridge system and the whole unit nounts directly onto
t he nol d t her ebylled microatilicogeamakichonetednplenyeosysterntaf H3® pBRIGAE
DESCRI PTI ON OF . THE AW NGS The foregoi ng an t her featuyres
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and then reduces over the length of the flow path of the system. The actual

15 injection stroke end position is located at the junction of the material flow
channel and the cold shut-off nozzle. This arrangement and reduced material
channel volumes significantly reduces material compression and pressure
variation in the fiow of the material thereby providing superior shot to shot
repeatability.

20

The micro sized, direct mold mounted silicone plunger injection unit of

the present invention offers a number of advantages, including the small size
of the operating unit, a reduced material flow path volume, the elimination of
pressure fluctuations in the material sub-system, a significant reduction in the

25  variation in the injection process, a reduction in material waste and costs
because of the single cartridge system, and the whole unit mounts directly onto

the mold thereby eliminating a machine injection unit.

30 BRIEF DESCRIPTION OF THE DRAWINGS




Figure 4B is a sectional view of the exenplary mcro silicone nold
nmount ed plunger injection unit illustrated in Figure 4A taken al ong
section line 20 A-A Figure 4Cis a rotated view of the
exenplary mcro silicone nold nounted plunger injection unit

illustrated i n Flkfufasea@ngzByd ghieelatuesang advaingss of theghedinnavilae

of a cold de Vi N

"nvent i on. BEFRTEE BRIt BeR RN R RS EER R 30
Figure 1 ildmsbdiaiess bhehcinabotion,efs illirstraledimageasyshsamdhg ardwings.
eye 100. Tears are produced by the lacrimal gland, not illustrated,
superior to the outer portion of each eye 100. Tears flow across the
surface:of the ay 09 I ¢ Al

102, T odat ed whar QUi el R mORs the HoMBieldhinagE bl O |
i nner ends hmamegk. ends. Fromthere, the tears drain through snall
openings in each of the eyelids, nanely, the upper lacriml punctum
104 and the | ower |acrimal punctum 106. From the upper 5l acri mal

punctum 104 and g; i Lnt.o0
Pho upper | aori rap st Bt BB bhee ML paREaL ARG Inalts
110, respedtiovel inthetarch are duct-1i ke pathways | eading to the

| acrimal. sac 112. The lacrimal sac 112 is the superior, expanded
portioﬂoof t he nasol acrimal duct, not illustrated, which drains tears
into the nasal sygh@m LRGP ekAbid® a ORBEDIR HRAURN a reservoir
associ ated canaliCulus 108 typically only drain about ten percent of
the tears ffpoihe iedeaseeof@®; osmohe therapehisl ageiist thad i kmown mt thal ary:
never leads to the tear overflow Tears or the tear filmconprises
three layers. The first layer or bottom 15l ayer is the |ayer that
coats the eye armgGRA i$8idttahTmINYH Rprésera®si BAaRexeRIpISyinicihe
conjunctiva referred to as goblet cells. The nucin fills in

m cr osdépi ¢iliconeguelgrmpietedaplupgen injackien eyl ig asaefdaseewrihcihe) present
i mport ant H@ﬁ%hﬁﬁr vi sion. The second | ayer or mddle | ayer of the
tear filmc rises essentially water and nmakes up the bul k of the
tear film A mpjority of the watery 20conponent is produced or
supplied fromthe main |acrimal or _tear gland. Enotional tears and
reflect tears, iFiguredisasestionslvigw pbicaexampianudigaciicegersnolght

| acri malqrangRe bRk eeEn LA LENRI T bE 4Raih A00g LERETTAL

in the2eyelA-é.tissue and also contribute to the watery conponent. The
third or top

Figure 4C is a rotated view of the exemplary micro silicone mold

mounted plunger injection unit illustrated in Figure 4A.

25 Figure 5 is a diagrammatic representation of a cold deck nozzle

assembly in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates the anatomy of the drainage system of a human eye
100. Tears are produced by the lacrimal gland, not illustrated, superior to the

outer portion of each eye 100. Tears flow across the surface of the eye 100 to
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25l ayer of the tear filmconprises a thin layer of oil secreted by

t he mei bom an gl ands and functions to prevent the tears from
evaporating too quickly. Insufficient tears, or "dry eye" is a conmon
condition caused by insufficient production of tears fromthe

| acri mal g|aaﬁ*aalm pRok frrsted hedpedngl ReSUOR, lpratrd wasss thedpreysand
bur ni ng, qé\fvgf g&ﬁs'%e‘t&%%}h%lgat tWewflRﬁ&'&m as%‘?'%ﬁgg om! tﬂere[ the

especially cases punc occl'uder of punc
pl ug may beeatsadmath tHnbugthmauro;imMgmﬁ etemh dfahélelyﬁlldﬂumﬁ@(yﬁi&é upks,

see Figure 1. Punctal u Rr event the tears, which are being
produced i r{a%fé’f‘%ﬁ”é?ﬁtu&bﬂgﬁré Byne rwverdasimal Pldlfékélm ‘r%nfmﬂm HBP®Mt o
the | aCF' ”%crﬁﬁﬁlaﬂ)u liin ﬂ@@an%%ﬁel vglﬂﬁé@l]lmgi ﬂﬁyﬂ?ﬂetﬁ@v\%ﬁerﬁ%a'sg e

| acri mal puncta W|t out anesthesi a reno W th
requi red. SRefupper ra;rlnwl/oeoaﬁmtgus 4083 ardhewer Isrinldl gshakididds 4no,

| t al t | ud | 2
comri ser qongrdtiyet FhiGos NP RIBEYS A 5 W@Q@g%ﬁ P 112. The
exterior ofjathiRaPnct ¥MslPd, sulp‘é of‘ Fé)@)‘érrlﬁeé%)é)rﬁ’orp&”ﬁ:l sk 1§rnal dué:t not

bl ockingly projects into the iculus 1 110
body porti dius2@éed omnich tdraigstiéarsdotd heetasal 2Pdesmdl hldﬂapbﬂlf lac@toal 10

Commerc¢i.al | y avai l | e punct al | u uaI have, a th aof

appr oxiiftar ety B FrdaRendatel aaariFLs o riegnfond R et ten
slightly i e@@éﬁt'(ﬁ%éttéé}@ frd?‘ﬁ"th@é?gﬂbﬁ Séﬁ?tl*é#lt%r QBStHP@ldPMHﬁEQﬂy never
pl ugs are designed to prevent the plug from being easily dislodged

from the caeedd tutheseannderiiay. be tapered for ease of insertion into
the puncta. The collerette is designed to have a di aneter
15sufficient to prevent the plug fromconpletely entering the

canal i cul us, andreyre optied e¥abil coMidesttrdd I@Pf@iszeThé fitst dyepdr ObtibAe
eye. The body portions of different punctal ugs are also simlar in

desi gn land layes is relayentha coatfolieuenea a%apm@ﬁﬁﬁ%mumwmfv@éme@neé by
collar et t aiidf e BlARE!0tscq Fhes BOLICALEh e1a0%, Y g ude an

aperture 2 |np |ng into the

portion 206nicmstogic megu@sineag)ncnir mehenerye’g sIdﬂf@chwmtlahs rbhptgta&ﬁ% clear
during its |nsertljon intg the puncta. Exanples of punctal plugs ma)(
be found iYi¥ps T §t3§ﬁ9”ﬂmﬁf’ér0r3m§@@ teger @l eﬂeéﬁf?s'”bégmtpﬁsﬁ 85%%[?1" ly

U.S. Patent, ﬁgﬁe d %&TE ‘,]3@5% i ck,

U S. Patent aﬁ%ﬁ%er , f%??%@%obulﬁgﬁrﬂ%?%ég fgﬂi ,éan 9%&@& en rg’Nunber

5,423, 207 toomfajrient ieproaluce@®r supplied fronatheé maonlatomabor warefarat. el vy,

a punctal cluder or p e utilized to deliver one qr nore

Chor apeut | ETARUTA SHta st bR Berbrie (Fgure-Ia’s Fofs g aRucH as

ophthal m c un@ﬁﬁn@htczfr anfeﬁéﬁgﬁlbddwao%orrémathe%%ﬁqécﬁrhsn jlgﬁaﬂ saa‘ccéssory

conventional “puncttal plug 200, "as Illustrated 1 n Figure 2,

i ncor por at dacrimal glands, known as the glands of Wolfing and Kraus are found in the

eyelid tissue and also contribute to the watery component. The third or top

25  layer of the tear film comprises a thin layer of oil secreted by the meibomian

glands and functions to prevent the tears from evaporating too quickly.

Insufficient tears, or “dry eye” is a common condition caused by
insufficient production of tears from the lacrimal gland which causes symptoms
30  such as dryness, redness, burning, reflex tearing, itching, or foreign body
sensation. In especially difficult cases of dry eye, a punctal occluder or punctal
plug may be placed into one or both of the lacrimal puncta 104, 106, see

Figure 1. Punctal plugs prevent the tears, which are being produced in
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30reservoir 310, illustrated in phantom designed to store and
rel ease nedication onto the surface of the eye. The reservoir 310 may
be configured to release the nedication in any nunber of ways,
i ncl udi ng pulsatlle and continuous. In addition, the reservoir may be

refilled astafntvelimadyithe 3rsinalgledsan draieiia infethedreripiehegnalicul
mbodi t
corar ot te S PRI SR IR vy MR e LB EERMARR g

300 nmay be andstiesbimandtrbarovedaviffoeamswheamequitédxi bl e material, such

as silicone, that is inperneable to the nedication which wll fill
the reservoir 310. 5Although silicone is described herein, it is

| mportant Lo nolfgehlq ﬁ%té‘#l%&%lftﬁé%‘: TRk aﬁ%&?ﬁﬁégw off plug

utilized. The reservoi be'fornme anne
i nterior of2GtheThegdynpiat bcadnd806r plligtaid cmmgnsfﬁma cblharette m@ewpbamy

Shane oo ool ha e ktaner by T Py I04 ol oS iR adulty
is 10filledoM fHat B%‘ékﬁﬁlw Bjed F%%é%5%%[@:0?0@”?{19@%&@5‘4 Jﬂ?ﬂ 00

to the exterior of thelacrim unctum 104 and 106
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sust ai ned rexagaye, thetlwllbsiopiiespundtal mleg@as@deageedmnpeew@mm plug from

rel ease rate.and/ o Lhation t Thr roug

rect cat | on T B BRrBB R he BabdBR, ant ey BRuERREEr 7% pe
lacri mal | akssribeigtotthe ptmdtacarrlh@aon@réﬁé is éésﬁﬁ@d ¢ PRSe dQdiamictdr t he
tears and penetrate the eye to have the intended 20phar macol ogi cal

and t hdPapaufiiderifipareventtha plighfrast ceraglgtely @ntaring t@@rf@tr@ulcwuaga@bere
bosi £ 1 on wi R PR SHARH, O Wil iRaed S BE RS Tl Bodile ot urve

for the restiferent pasctal blu@t;mé@dko dimilexanpésigofanthire dsgpatiglfy puoat ual
plug may be found in U 'S, Patent Nunmber 6,196,993 to Cohan et_al. 25
Punct al pl JB@CtWWﬁR@e@Wr‘aWW@@HﬁB? C@flar(%tﬁfﬁrljfw‘&tt?lﬂh§0”éq%§%d be

formed from Qﬁét a%{m%ﬁ@rdr?‘éﬁergﬂ@ﬁﬂd |Ifﬂgtr§fbo§g se ¢ %)rdteﬁldlng

functionali ty an /or cations to rvere

above, 2fundntal thplbogly paation 2ké tamyd 51 gesping alegeering ipe pahbtﬁj pluge2tbdy
I I
of the puncdturlng |%s |ﬁserst|olnr}n£[ohtﬁe8h?"ﬁ:?a Ofixamp esoc?f p?l}nec al B/uglgsnmay be found in

U.S. Patent Number 3,949,750 and 5,283,063 to Freeman, U.S. Patent
Numbers 5,053,030, 5,171,270 and 5,723,005 to Herrick, U.S. Patent Number
5,417,651 to Guena et al., and U.S. Patent Number 5,423,777 to Tajiri et al.
25
[n addition to, or alternately, a punctal occluder or plug may be utilized
to deliver one or more therapeutic agents and/or medications. Figure 3
illustrates an ophthalmic insert or punctal plug 300 that adapts the form of a
conventional punctal plug 200, as illustrated in Figure 2, to incorporate a
30 reservoir 310, illustrated in phantom, designed to store and release medication
onto the surface of the eye. The reservoir 310 may be configured to release
the medication in any number of ways, including pulsatile and continuous. In

addition, the reservoir may be refilled as required. As in the previously
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and may vary in length in the range fromabout 0.8 mmto about 5 mm
and may vary in width in the range fromabout 0.2 mmto about 3 mm
The size of the opening for nedication or drug rel ease may be in the
range from about mmto about 2.5 nm Rather than one | arge openi ngo

any one | ocdgascoRed @xemnidy snbedimspérhegphitginbe insegdor Prieta)ddyg 8
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| ud I 1\ I
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ydr oxy

aci d, dextran hydr oxyet hyl cel |l ul ose propyl ose
gel | an gumargu;aenlggraOShreImahumlrsﬂmcﬂ apgymuehioaiivoiMthrihe ubdeavelr 3iépdn ionder

d al gi nat.e, [ - f t | | . b
ovet e oD B Sene) oF ¥ B eSS0 Bbl s b B3R L Bl
pol yt etr af Iawmap@é &@o@%dﬁﬁw\vaﬁa@ 'oﬂw&?sf |Pé@%k§ﬁrgl@@h¥@b@ﬁﬂge3@
pol yet hyl ene, nylon and et hyl ene-co- w(ﬁg acetate

ext er |d ap sunahb@si%fgrterdefop]gﬁi@aang III;@I@ wtmwa@pwstant wtalﬁamrylease
T t
may provi 42 AnperiareRanefiE on BPRRRY BlrBsE i ARBecANE 75 1 0]

i nsertion QonifiRatiteytReeoMTiroagdh@pevRRESES ractBRIGY & felseiidd from the
conpatibility, texture to aid in 30anchori ng t he devi ce and/or any
e

conbi nat i onetdPECY!0 iRla thegrarvpidberpaimsl lake sdiara die madicationgaixesi as

Sg: ly?g'?ﬂyl é% dg)fsécopglwtﬁgbgﬁgér{g%%fm %thépgﬁ égb%y ?E&%W%d aci d,

synt hetic ahhrmatologicahaot ehaapeptit yiack halthalemsh néthiequees, the punctal
plug 300 may comprise an enlarged bulb 304 to help secure the plug 300 in
position within the canaliculus and also to provide additional volume for the
reservoir as illustrated. An example of this type of punctual plug may be found
in U.S. Patent Number 6,196,993 to Cohan et al.

25
Punctal plugs may take on any number of configurations, sizes and be
formed from any number of materials, depending on the desired functionality
and/or medications to be delivered.
30 As set forth above, punctal plugs may take any size and shape.

Typically, the body of the punctal plug is in the shape of an elongated cylinder,
and may vary in length in the range from about 0.8 mm to about 5 mm and

may vary in width in the range from about 0.2 mm to about 3 mm. The size of
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thiol ated derivates of polyacrylic acid and chitosan, polyacrylic
acid, carboxynethal cellul ose and conbinations thereof. It has been
found that with certain therapeutic agents or nedications, it 5may be
desirable to create a barrier |ayer between the therapeutic agent
cont ai ni ng thatmening tos nirdiealierneiedruoriefaaskenaeberin dhe rangeniremt aleout

punctal Pl ufhuRg abBu B £, ORaMUrkAGT oR 1488 RS, Lhahy BRLIqeble

reservoir due to possitble i'nteractions,

the active rmbeipapsvbil opagers by baadletherhwpbddwdi theguHetditodig Mdytbe | N
addition, it has been found that the retention of 10therapeutic agent
wi t hi n t he Walbrergrartiaty trarspargeidonsraqus. sepbendlynths betiemgydnelide @
confi guisat iyon o?TpéirH&EHHQFh%IkePltH@ g!d@{ edlikot e BAdh 0P RlogURd OUS
anchoring featu . For “exanple, eservoi r nmay conpri'se a sinple
cyl i ndri calpur@nirmgur ati on which nmay not securely hold a particul ar

t herapeutic agent within the reservoir. In other words, that shape,
even with a priner |ayer or adhesive 15l ayer may not be sufficient to

hol d the agent ip Rha H%Iﬁ\ﬁga%% %%atéﬁoﬁﬁﬁyﬁlﬁﬁgf Oféﬁﬁbﬁ%ervm r

may be nodified to 1nc usi ons or nts t he
agent . Thedsogwopetilvle enateriastincodingesilidoney silicone thlaldsnsiliosng no-

Coyer o 10 hawarrs St budoehb mato RS erpqifiBtrsbLRahaciate
coat i ngs ”%&&hy!bhlaigﬁ%,?pﬁiéﬁzirgsﬂ%ﬁréllb%n%lféfaﬂie' I?cr:rgr%‘ﬂ/bég{d déiﬁ’écﬁf‘e EGodeng

out as required.” For “exanp arrier y y I sposedy on~t he
ext er nal sundiymerspfortdramulacthaiseplasgribed imbi $i Patent Nosi 5/968{54%he

|t uaron oft-§e%Aas; Rt Bl obramt A fhy “BuBts ifels bRt oaliie
agent. |n afgictib@nincliae pﬂﬂ)ﬂﬂ%ﬁH@heﬁboFyhﬁetﬁMﬁﬁtﬁécrplahﬂ@, psmy(slrwéﬁ@bﬁyb@@,

to create a better 25fit wthin the canalic ocesses for

manuf adbur inedy(etylgneexide). plolgerapyienengyec!), rpalHeingt lcogipi cal 1y, the

P anst er i B SR AR MeE B RS R RoRad mo BBty - 1 he
30r eser voi Ipdlgefryldxetoihé)n peediatetid =R naginicks), paesitlipis] Foraxamglaout

other materials, subsequent to the manufacture of the device. The
amount of a¥OspBoBdehelingsdervativas, pelveyifabeiains aepiceststch as

ol ! o SolcRARCaRP AR o BEAGR, (AR Mot e
poi nt s20f tHyerdxyetapesliilosaderoxyPred ey akliylosé hgellan gum, guar gum,
heparin sulfate, chondroitin sulfate, heparin and alginate, proteins, for example,
gelatin, collagen, albumin and ovalbunin, polyamino acids, fluorinated
polymers, for example, polytetrafluoroethylene and polyvinylidine fluoride,
polypropylene, polyethylene, nylon and ethylene-co-vinylacetate.
25
The exterior surfaces of the punctal plug may be wholly or partially
coated with a number of different biocompatible coatings. The coating may
provide a number of benefits, including lubriciousness to aid in insertion of the
device, muco-adhesiveness to improve tissue compatibility, texture to aid in
30  anchoring the device and/or any combination thereof. Suitable biocompatible
coatings include gelatin, collagen, hydroxyethyl methacrylate,
poly(vinylpyrrolidone), poly(ethylene glycol), heparin, chondroitin sulfate,

hyaluronic acid, synthetic and natural proteins, polysaccharides, thiomens,
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anount utilized is a therapeutically effective anount neani ng an
anount effective to achieve the desired treatnent, inhibiting or
prevention effect. 5The present invention is directed to an
automatic, mniature sized silicone nolding cell that utilizes a
novel sili dbieéatadideriyatesppinmgeacryli 2@ ioon anop@yeeteasiddr ug

del i very dev lug with a reservoir.
In addi tion a'[rﬁc?xa/rng%t{r;%i %%”Lg%ériéég% ?qu%?%t%%g ﬁ[g&lrer?j? ection unit may be
utilized to produce conponents of punctual plugs as well as any
extrenely 10smal|l device to be fabricated froma thernoset el astoner

such as silicondthas been fepnd haevilrorarialg therapRetiorageetsior medications, it
| t t
o hunber orMPLBESREBBIERIBUI TBARGE 1D IRLER (hS GIbERE Ble 10

dur onet er) ,cont@infachatdrat to belre]eased fronothe ﬁ%ssvont\aﬁh[althsspunctal plug
hypo-allergenje, 15it is flexible and durable and can be conpounded
for speci a|ar5if%§éntqr@§ SUFgGR pEne YAES Fhﬁt@@gﬂ%h%ﬁ’%ﬁrﬁ@f grede pogihle

rubbers is lﬁlfefr%ﬁr Rt of AfAvERAE: l@%cﬁlh?qifttl’wgﬂ fivd ﬂ@rgﬁ&tﬁsé%&t'tﬂﬂoﬁgh'tﬂg

mol di ng. To nold a conponent Wt her no astlc require
t her nopl astwall mfetﬁermb&:tddqﬁthgd!raacdhltmm athesl beandiouanetmai thmreienfrm pbl d

a conponent Wi th sili bber uire qu
Soor 1T dBrn thitabiulis ot pBuN ST VALY Peair P skelnal s o,

The design gaéa%éfﬁetébﬁﬁgwa%oﬁfof@hé bhh&@nsluggbﬁwtﬁ tRb %gdg!of fcﬁr\%%ufsr om

that of thernoplastic. The cold deck or t col d nol
descri bed ianciworieg dedtairéds. shbsexarapiel g, readanvomnay)comlmeseqnmmple cylindrical

G L1 DU onoh 0B AL Eo0S, LUPRSL LG 2061 SO, RIS RO g

i njection nRkdeskhel. $h bieRrEs, ﬂhbqgh@béléwaﬁqmq étﬁm@ér la$ePoRdHe e
utilized to manufacture or producedp i abl'e, durab conponents in

hi gh vdPungayesimay aatbesuffidgntdo siol ﬂ’@@&ﬂib'b@iaqes %ccmrgllmgkyuthay

St abi 111y deandhy pEEes P B AR T FE M RT w55 o et o
cold. It isddrglthey ageht ethéqy gébraelicodikitions nedy @Qmﬂf@ﬂéﬁ)n@ror in
devi ces where high quality is inportant, for exanple, in nedical

devi ces. Dg@mMRiNglien YWHBMAHOUS DRAEe HaYelBeadhesivies and/os prmerlayaisd In
silicone i gitl’?%\{v:gr%[snglaHb@@c&%ﬂﬁﬁﬁﬁg%iﬁ%bmetﬁé a?%@%’gngél]ﬂax/gdnéégnhzed

i ntensi ve fve ~mXin sur|ng
remai ngoat ta hbw\theedlrp)@rlatamdﬁ)rp‘brcﬁthte(ﬁrhg duwtiasgequired.t Edr exdapk, beat ed

cavity or mjalrrclierﬁggervr%la@%rg élggosed on the external surface of the punctal plug to
inhibit diffusion of the therapeutic agent in the body of the punctal plug and to
inhibit the infusion of tears into the reservoir containing the therapeutic agent.
In addition, the geometry of the punctal plug may be modified to create a better

25 it within the canaliculus.

Processes for manufacturing the punctal plugs are known in the art.
Typically, the punctal plugs are manufactured by injection molding, cast
molding, transfer molding, stamping, embossing or the like. Preferably, the
30 reservoir is filled with one or more active agents, with or without other
materials, subsequent to the manufacture of the device. The amount of active
agent as well as other constituents, such as excipients, will depend on a

number of factors, including the active agent or agents selected the desired
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Chem cally, silicone rubber is part of a famly of thernoset

el astoners 5that include a backbone of alternating silicon and oxygen
atons and nethyl or vinyl side groups. Silicone rubber conprises
about thirty (30) Percent of the silicone famly. The typical |iquid
si licone i MPEESEJAETENEi th MBERD Mo osing Kiarapridisrgads Faetaialyr ther
functi onal d i L : i iLts, y

dr s, SomRO N2 ié AhHERAEAL AR e RO RSty oA

i nj ect ors a#ffdctivedd bohiegte\the desbed éeponsintlirdhibiting pr @ssueanitiog dffest.
liquid silicone to facilitate injection of the silicone into the
cavities of the nold. Pressure and injection rate may be adjusted
automatical | y aneleoprdBaaKmVeRibe IAGAYE 1d KAl B IEEHIHiAlr eoRYt S,
The netering units punp the two primary liquid materials; namely, the
base form myficeinkirookiingoell thad utitites § svvelessilgmmienyotdhand plegenwmjection
materials maintai n,a predetermned, constant ratio [le.bein .
o mul t aneotdlbiorepaleds i VAT AREER cRRtethe pRctE] prRFYETT R Hibhs
for the unrg xad Bt e z?dcﬁt-ioﬂ'ﬂﬁ?ﬁiéﬂiélﬂg SlintBaastuy e lthe #§eSidiRlnit may be
containers, for exanple, 90containers holding pignentation nateri‘als,
are connectwidzed ta pwdusiercomup@ianis o& otinollabplugh@ssyslt asranp extratriaty
and/ or ,dynam L xer.c ines.the materials after, they exit the

meter g o) S 1€ BRReRTERthd R palpySudid falen i b agligne.

m xing ratios and simlar viscosities between the conponents to be

m xed, whereas dynamc mxing is typically utilized with extrene

m xi ng ratios arvuligBeamgidiag 117 Breemedisabelorieanieh dagkagivgiandegutemative

conmponent s . } X i i . i
e i nd oo TBEresR 6O I et b R BB B kS bt
a desi gnat €d to@0diurdieiten) the fathihannag trer, oebrdes tastewﬁspﬁgpd;@u@(r?@hax
manual shut-off value to prevent | eakage and overfilling the nold.

The nolld clidfplexiigped durablpang Rt Pagore undpdder ereaRiPasHigs.

process a”‘iﬂdd\r?e\}é?eﬂwgt iﬂ{')e%'RSH nﬁﬁgirg)t#psi%%% &Jrﬂge%r @%ﬁﬁéreh?trfaq{c?rﬂ'a%? -

As briefly described above, t i cone nolding of a par
conponent regiitiores thdratoddatic ingaatidn snéldingn €l o matice s doen eaent edibl a ( 60

to 77 degrees Fahrenheit ior to being injected into a heated nold
(340 to 410NEEH @%“q:@rﬂ“é)ﬁﬁgf‘%t)@”ﬁr ICd88INRA BeAgId ‘é‘fﬁ%‘?(?%?@

deck is a dgy %Id".’h‘TBhné‘I'd'é’lﬁgrg&)%eﬁhﬁ]tﬁ%@lﬁcowe%gbgwé ie%ft?é‘fatth%rlfqﬂd

to each cavity at the sane aul1c pressure and consl sten

t enper abur eilipookirlibberhe kepivond taendi thks injeciedzet & heates! mold. The design

and manufacture of a silicone mold is also different from that of thermoplastic.
The cold deck or the cold mold deck, as described in more detail subsequently,
allows for the equal distribution of the silicone rubber to each cavity at the
same hydraulic pressure and consistent temperatures profile.

25

The injection molding of silicone or liquid silicone rubber is a process

utilized to manufacture or produce pliable, durable components in high volume.
Silicone or liquid silicone rubber is a high purity platinum cured silicone having
a low compression set, excellent stability and ability to resist extreme

30 temperatures, both hot and cold. It is ideally suited for the production of
components or devices where high quality is important, for example, in medical
devices. Due to the thermosetting nature of the silicone, liquid silicone

injection molding requires special treatment, including intensive distributive
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5process are mxed in a one-to-one ratio, typically via the static
m xer. Once the conponents cone into contact, the curing process
i mredi ately begins. Accordingly, the cold drive is utilized to retard

the curing proces rior to the material being introduced into the
heat ed nol d}?"%\é/%tlg &NEyring tatdhe St“SOB%@'Hﬁ%@oﬁ @o'r?tﬁ‘bl‘ﬁﬁ‘api?@tlﬁﬁ g to it

WO h%éﬁé qj’flg&% [ie h?‘ﬁ{édl &f\myg)eck and gener a%léd Ay

vul cani zati on | ace. cooling results
in mniml |oss of naterlal as the injection occurs directly into the

art, cavity or his.coolin allo t he ducti on
of i qui d silicd eﬁ“ 8;5‘%%9'1@5}%%@% SPRLOhALR V‘?Wg@r aeet glsigmers
val ve gate t%ﬁh%}ud%bbbﬁ&ﬂﬁa bﬁélﬁé}héﬂﬁb BMESH BEd ¥x ]yﬁbﬁ'é?brﬁ!s%i%g methyi or

conponents, such as punctal plugs or conmponents o unct ual

a conventi onlayl SSKiEl grsope. i Sijieute nibbep cdmpgiseaabontthirty (BO)freccent cﬂmfeet o
t he i nbal ance betﬁlvee[n the amounts of material flowrelative to
conponent A"WYot her words, the hi gh volunme of material w thin
the materi aI fI ow path in conventional nolding equiprment is 20 nuch
greater than the volume of the mcro sized conponents thereby

el i mi nating the tunbipital §guideaticongbniection moldinggeachibetonsysatem | | ed

and non f|| ed ¢ ies sen inventi.on. i dto

ol zed. 01 urigli & hEGinel B AEIGRAY] cofBERNRTeRigid i Midfethd )
into or ontuni@, ubplg@REmBEDhikets ONGzANS, @t%é@bﬂedﬁ@l@ d19apl #hd Mbe. The
exenpl ary inj ection unit conprises a Si n% e material cartridge that

f eeds pre- RSO ieftiorideves [sraspposifle or oressvigdhe druidasiieonenoo

the pl ungere i ?rﬂ%%tc% o R RRNE iR th@o(,za%/'lt OJf tﬁ%'?ncﬁf? I frggﬁ?gar%?{gd'

Pressure sensors cers nounted W thi eri al

as descri bedjection Btedabpbk eﬁj;llméqwmmatucambdMIdnmnew iondchighe
unit's control system nonitor_and control the Iputjh‘eCtl on sequenC| ng

and fldw ofvat”ﬁé'sr?@bstf?ijéﬁsql?ﬁ o U MaARring MBS PHMPURRttWOTHENRIVUREETE uni t
may conpri zﬁ;lat%?lafé %%H%? tHR e fBrf gusrlb'?édn%aér{ th%rdéfglg}sﬂ%\‘l'sﬁﬁnglfhéﬂb{e

ot her suit ans t 'S actuate ] gna fromt
unit's conttwolma’genammaaﬁem ajpc&da‘telemmadlcoas‘@maratld white bbing

sensors/transdycers g wor ks i n njunction with the
ol d ool Srplieensh) Heaseth g rumRiave 29 ing Py Agniers 1o the
pressure seRwhiRgd hidteRhlst ek SGHSVWIRRE tHsQelPhs btrr@% dohka%néﬂga%or'ékaﬁ]ple,
conventional injection 5Smachi ne/process. Accordingly, the present
i nvent i26n elontdinatsgolding m@m@nfaitonp'eatqarm are catneedtet tpdingimagn pumping
stations, |en th)é %at eri.al g | nes convent i %nal machi ne
i nj ecti on Fgefion f system atic an br ynamlc mixer combines the materials
after they exit the metering units. Static mixing is typically utilized with simple
mixing ratios and similar viscosities between the components to be mixed,
whereas dynamic mixing is typically utilized with extreme mixing ratios and
25  large differences between the viscosities of the components to be mixed.
Once combined, pressure is used to drive the mixture into an injection unit,
through an attached nozzle, and into a designated mold. Typically, the nozzle
includes an automatic and/or manual shut-off value to prevent leakage and
overfilling the mold. The mold clamp secures the mold during the injection

30  molding process and is used to open the mold once the process is complete.

As briefly described above, the silicone molding of a part or component

requires that the liquid silicone rubber be kept cool (60 to 77 degrees
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Essentially, the injection unit of the present invention sinplifies

t he 10nvol di ng process associated with the mcro silicone nolding of
punctal plugs, punctual plug conponents and/or any other mcro sized
devi ces. Although the exenplary injection unit described herein
utilizes siffalvonkeit) priarsoibepy nfatted ntaect keathamaldd3H0 éxsdnd degvesd i on

may be utilized with any suitable material for nctal plugs that can
be i nj ect i driENHBY A mERlesSIrHE G Retan o SRck Ko BsvPRath

15si |i cone ARdoor HdequiinBstABERdn 6f AkOMRRS cheh chbRy HEMARONMS Blydraulic
forth above. Inportant to the performance of such a unit is shot to

shot repeatRibssureyand conistepbigprreratiragrofile. nidbeham wateriael utilized in the

performance_attributes of. the nctal plug.. The design .and.

Construct i HOBr A el norn L0 BhRralli TpicA ik TBr N I s Oncs g
part consi gopMsyhand ceRRMtd YontdbE ti e88RY ptdteeBlimatediaiew esing

20si npl e and el oquent processing solution not based solely on tool

and equi pretconsinply the eeldidsivye ipytilizad toegtaydibe corpo exeeass préyriedle of
froed _ oo ' ;
Vot ue Gavi T EEBFR Bl MR A ol BRI, fiEBpdyP bne

cavi ties tanikietlconipnrenipensaie freouyiothieoldaEckand themisicd Beked
cycle. This is done to overcone the [arge volune of a netered anount

of mat dPi alCayByivigre tagm viranigptian takesdtipcecil prselt faek avdgreer saeling
to gener at - 0 it er : {1
accir acy. . Thr b Eneplost R dbrdl o< A RctBh JKELISHR ARG BRShE' R,
Si zes when canéy 30waoit s This canlinggirodesp b kmesrtortthapdodlutionasfdiguaksilicone
(variation i Bcreases W'ht h npld variati ons_qa@ expl ai ned by the power
law). The cHPPENPESMHAGUBERHALYE ES© MRHRIIAFIVELR? VS descri bed as
follows: In a first step, a silicone cross |inker and plasticizer are
statically and/or dynamcally mxed in a mxing station. In a second
step, tlhe m xt urSlicanepinpgpdidninmeldirg ofeneErd spedeminppacatts,rgughl @spucdtaler
t hrough an c?l abor at e netvgrl% of F@je fromthe rrixiré& ﬁ.tation. In a
third step,PlY$RORERBPPIPNIEOT RUNEINR) PHYS: dba SoR%e'Manah sIIFBRE inerhe by
posi tion anfo@ffEMatRindlis @ffictindae k@ td imiSI8Rce bBEvEER] BleesmbBh@dral

is injected into a manifold for bseparation. In a fifth step, the

mat eri al i nnatiesahiew frelative & apwipgseni velomegualothatbwards, draihigbpedime®f

into the cold nold.deck. The .cpld nold. deck allows fpr the equal .
di'stri but 1 SRS EREAR e vaeEalN Tk i e BmoRlnd dipEteh s
pressung amfudogrdAéemanttREREIA S OEtHY Midrb&izddcampbiéts theiebyt he
material in the cold deck is injected into the nold cavity. _
eliminating the control system’s ability to discern between filled and non-filled

cavities.

The present invention is directed to a micro sized, plunger style, silicone

25  injection unit that mounts directly into or onto a silicone mold along with a cold
deck nozzle. The exemplary injection unit comprises a single material cartridge
that feeds pre-mixed silicone directly through a one-way check valve into the
plunger unit and the cold shut off nozzle of the cold deck mold. Pressure
sensors/transducers mounted within the material flow path, as described in

30 detail subsequently, and hard wired into the unit’'s control system monitor and
control the injection sequencing and flow of the material through the injection
unit. The plunger unit may comprise an electric motor, a pneumatically driven

device or any other suitable means that is actuated by signals from the

14



10 A much nore sinplified version of the injection unit or
systemin accordance with the present invention conprises a plunger
unit which is attached directly into the cold deck, thereby
substantially shortening the material flow path. The position and

th
shot size nBIpCHeN ¥PHSENI0) SYPREY brsecunsuigqdback signals fiempthech

position s Y I r i ¥ VA '
Bs0 i rocti anuiRau e, ThEMRRd UM falTh golBRRoduifiihekold
flow i n acowzaEnsteutveft valtbdo psgdeatat mbhveatitydillimplyy peedsuretdiysing rather
described as follows: In a first step, a mxture, typically 1 to 1,
of the sil itgﬁﬂécfe’é"’ Pegiden or bimse erstf@Eimawpnr/?@f&na&a{grﬁti%es. In a

second st eﬁnaé}w?%r?%éé;st Ch el itngwgr&hies%ﬁ BRHod iefiu%‘ﬁji:%t%s 4% agéﬁgor

pl unger unit. [ i rect nt arrangenent, ere |
ai r cont ampeaipheralfmataribbpes piny statiess, dbhgtblinmaiesakfeedtieesf odvapat h.

In athird steg, 1 hﬁ silicone is acc.yratel y positioned/netered into
the col d déQrvaptipnalpachine peciQruNitt he silicone is injected into

the nold cavity. A nore detailed description of the process is given
subsequently. 25 The system of the present invention allows for very
smal | shot si zeEsautiaty,dheirgectsironnibotthe prespniiogsistion simplifidadieel

variati,gn as conpared to the conventi onal system descri bed above.

b1 eat 10 TR ARG sh astera AR S tRte SRb R s E At et idios.
mat erial coupicassiphid EéMpoRERSSEHRor MR btHBL ANBIY dizSPaBdick8MARhaLYR &he
during the high pressure fill and cure cycle and very accurate shot

desi gn t ecrxenuyyry imestiennnitslescoped heeajn etibzesosilicanes, il iafmeertpnioh nide

cont rol | ed s " raseean dRt s el e ygpo il &8 RO BB gy punetal

val ve, themplyfethas candesitjectiba melivaead redmaridd profiniés SiBeRr to that of
si mul taneously and the plunger rod drives the pre-set dose of

si|iconé tKilsegr anseorelagr teameset elastoroers frbing regasans set fotizakovgal ve

| q . _ e .
s aceonp! i eBpy RAle REIGRRrEE ol UM i SERY0 3oPRDE Ay Whbut
bar. The Zopiprogesingntihé mewhanicseand p@rionmdnasatiebutelsuofgee ponttal blute

stroke position hy screw and digital mcrometer _or |inear encoder.
This pl ungé'lrh%‘?ﬁ’%'g'ﬂ ang %&Haaﬁ'%@ft 1El‘ﬁi mol%*&g?isscr@%&mt%h@@ﬁwgra%d
over haul . | {~tiS-il : i i rl bed
and il lustr tt%raa!’] p%ﬁdﬂﬁﬁ%t@n@ﬁéﬁ%bﬁéhﬁf@m'gr%%ﬁﬁecs%m’lrng/%ngén \%e?f\ﬁtﬁ%sgﬁa
nunber 26f dimhple drebelogesnt amgessing abldical narbesed sokeineonitay! ded
10utilized. . Referring tq Figures 4A, 4B and 4C, there is
st ar epaiprasR Iy s, At PdeatcRaios g doBr ek e dom and
i njection WbteddvanikdibAm 400 in accordance with the present

invention. Figure 4B is a cross-sectional view of

Conventional technology uses high volume cavity tooling i.e. high

25  volume as in a high number of cavities to fill, to compensate for volume control
from cycle to cycle. This is done to overcome the large volume of a metered
amount of material coming from the plasticizer/reciprocating module needed to
generate some level of control with material volume and position accuracy.
This becomes very difficult to control with very small shot sizes when one

30  wants to control displacement and shot accuracy (variation increases with mold
variations as explained by the power law). The current technology process
flow may be briefly described as follows: In a first step, a silicone cross linker

and plasticizer are statically and/or dynamically mixed in a mixing station. In a
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15t he system 400 illustrated in Figure 4A taken along section |ine

A-A and Figure 4Cis a rotated view of the system400 illustrated in
Figure 4A. The entire system 400 is configured as a cold deck system
and conprises three main conponents; nanely, a silicone cartridge

assenbl y 4GEcondmiten.dhpininkese is Bp@eEr dhtoa e“eatemg/zmpr@ﬁah@g plaisticiaet k

eyl Endr GO el Mt R okt ARG PRRE Tl nf BTRL 536°

and a pneurtBbingatefinniechéiefedant dbia. deTétmﬁattm@mmeﬁwpdﬁlﬁarﬁaﬁ@ﬁbﬂew
402 i s connected to the col d deck nozzl e assenbly 406 via a si

pi pi ng ar r dRtRIRENtINArlPURK; LeP. the netesed mateddd i9H] Q‘éfﬁﬁe”t@l%mmﬂgﬁbﬁ@éck
| 416 h
Vol vES16, MR MK SS0 R LAANS SRS APHSUIAL 0™

i nto the sidrmoums amirdepcﬂsgtedassts;ethblcptdﬂfﬂ@td dbek. sThemtderrmct tietidgkows for
assenbly 402 is se d to the mcro plunger injection assenbly 404
vi a bracketth@ffélufé\' é‘ %&i“ﬁ@rqf nh%i?”ﬁ'ltptf%tqﬁaffé%’diy %&h%ﬁ?%tedb\/dé%ltfeprﬁsﬁ'é@
one-t o-one ] i i I al
cani ster A0BCCT A RS e T BAHHh SRS Ak PSR K L ChE

si | i cone mdeclkrig irjéctedghiotthe robldadavital ve 416 and into an internal
passage 420 of the micro plunger injection assenbly 404/ col d deck
nozzl e dssenbl y 406 in a controlled manner. A control system 500,

controls and coqf g R&lASrd Quﬁtél‘ﬂ@b%r%n%‘ftHéWtfctﬁH‘tﬁm%stsﬁé gh the
system 400 as is described 1 n detail subsequent y. t hough pneumatl C

pressure i saoaordarz:edNrth)ttfa)pl@eeotlndentvcm sortnpcleee afplmngemmltswhncbone

e oge aneenen ity oS LOR et ety TPrEalRY kit §55 °

t hrough whirghteaPfiol @ath.rask ﬂ@én@;ﬁ éHé'sthot digkmay B@Qa%"cufalély‘b%ﬁtﬂoﬁed
utilized to force the silicone through the internal passage 4

the colld detilizingzrliee pécferbsiionGerayased denpasitiaried gsmisydrivee ‘t'lmumcdqi

575" o and cenD 1P Ao laldfiudfo BRradRit ot el deleti PR T
pl unger seah apesiiahes vigathe grasem inngaion weyb2Abedfiy descyiBet GieFoBbEe:S
(0.5 mMmto 6.5 mM). The housing 422 surrounds and secures the pl ungﬂEi

rod 424 thénaifist Stge. pinuisbee. eikalp tady obéheipilicene [seadad idal0.§ or
Pt SUSRRPLT 2Rl B R A8 sty
pneunaticalthg plunger unit. With this direct attachment arrangement, there is no air
contamination from hoses while establishing a shorter flow path. In a third
step, the silicone is accurately positioned/metered into the cold deck drop. In a
final step, the silicone is injected into the mold cavity. A more detailed
description of the process is given subsequently.
25
The system of the present invention allows for very small shot sizes and
more precision over the process with reduced variation as compared to the
conventional system described above. Direct plunging into the cold deck
provides for more control over material compressibility, pressure, part geometry
30 and temperature during the high pressure fill and cure cycle and very accurate
shot design technology. The control logic sequence of the plunger provides for
silicone from the cartridge to be delivered by regulator controlled air pressure

into the plunger unit through a one-way check valve, then when signaled, the
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via two pneumatic ports 428 and 430. Wien port 428 is pressurized via
commands fromthe control system 500, the plunger rod 424 noves
forward driving the silicone through the cold deck nozzle assenbly
406 and into a nold cavity, not illustrated. This injection is tined
wi th the opdvR@srancoRozzie valyedPrEn siowipacadsly apryiha paingmisnd gioives 5o
i S pressuri [ t

rod 424 moee 5 BERISERE R R lh e PR LR B The o g s e BREe

i's noved thahugblobbsandlite gacigenoairhes a6 teshbyretbargngdosition s Teisien 400
is recharged and ready to execute the next injection or shot of

silicone t Aaceprlishedpy reguiBfanfgatroled aji pressire-tpiakgut §:8 bar. The

posi tioged %iﬂﬁt r I r
i ndi cat?)r f@lg@ 34. %H@ é%%?’u@ﬁﬁgﬁﬁenogb%ggg{gﬁﬂg@? %R%% %cfsi’tﬂ)r{ by
adj uster 43Bremyndedigitalimizesmeersetinear émewaldruidid plengezeniots 4 beand-

silicone sh t to be injected intg the cavity mpld. In other wor ds,
t he shot adﬂ%%F" %‘rﬁ?sbéo [RRAI} 3 Ot’%fr@éli/ i i MREHRT tMotg H]%d\‘fb\'ﬁs

of silicon f l;
302" si ngl o R e Shaned MesGaH I BREURRRE 1T AR R R EARRL
nut 440 nowstwell ae atmembeust cutgenﬂﬂatsmshanhamtzhiyiesaltem&etmemmgmayrtee
knob, 3’93 re | ess silicone may be ejected based on the throw of
the pl dRgetiig 424 As set forth above, the plunger rod 424 in this
exenplary enbodinent is 3 mqmin dianeter and the injection stroke

| ength is adjustable via the shot adjuster 438 and | ock nut 440, both
of whi ch i ncl uddRéferrag tor Bgdess 44, @Be@ﬁ%,zidjamlSrMﬂtrated enardxeotlary

bl ock 442 with inside bore or_.int rna sage_420, i.n ich the

o T coma r 1Bt bEeRERE Brinusd bRIRr HENRERR L su B h o1 e
mcro 5pl U%@brddﬂc@ﬁkltf?fhe?lﬁr@%@h{ vERtoPPRRIN aBtiBat cr@fssisE@tléﬂiEltwew of
adj uster 438 end he col d deck nozzl e assenbly 406

direct lly coh@sysiem ¢60 ujbtstratefblnsh:lguce)ﬁé talken amg@e@;ti@erhrﬁeyAzmandergure

the mcro I

assenbly 4%’(?] %I’I @é’g‘?é 25133'9%%”%4@41%%1%?%{’5@1 ﬁgg%‘o% nt,rg
hol di ng bl @%’teﬁaoanﬁcbh@gtﬂ@ﬂ@sﬂ@é@ld&jéh‘k&ysﬂ'élﬁ e@@@bmpﬂé’éeﬁhﬂé@ma]n
conprises two pneunmatic inlet ports 450 and 452 which control an

i nternal vAPHPONEEET Mavelyi A Sdeeamcagtuaee@eéﬁmbiy 495 A MigerEuRgRy
| th troller 500
cl oses e()@gke 4§§§¢rﬁbf§/ @4 gﬁa‘tarée} d Eletg}?ﬂ!fﬁzlé 3%%@*553 &gé‘ rofier

open the n Ivery o sho € nozzle 448
after the shot has been delivered or between 15shots. As before, any
ot her suitable .may be u ized to en and/ or close t he nozzl
448. The cold d %C%@%?%%@yﬂ%g&%ﬁﬁq%ﬂ Pca”'Ste“‘ 8

circul ati ngvﬂﬂféﬁléaé%é’%ré&d@cﬂ BMhrﬁ'@ctSPh d)%ﬂd‘@bﬁéurhgné ESnﬁ?&tﬂm‘ﬁ%

nozzl e asse y 406 i1 n order to maintain tenperature o
silicone at4112heTth|i|m1m vaitidge aseemblyat(ll ie.cofnectsat terthe sold déck pozdle
mai ntain t %%sglmlbllfggg via a simple piping arrangement 414 which includes a check
25 valve 416. The check valve 416 prevents back pressure from the compressed
material in the system, described in more detail below, from forcing silicone
back into the silicone cartridge assembly 402. The silicone cartridge assembly
402 is secured to the micro piunger injection assembly 404 via bracket 418. A
container, not illustrated, comprising a pre-mixed, one-to-one (1:1) silicone
30  mixture is positioned in the cylindrical canister 408 such that pneumatic
pressure from port 412 forces the silicone mixture through the check valve 416
and into an internal passage 420 of the micro plunger injection assembly

404/cold deck nozzle assembly 406 in a controlled manner. A control system,

17



20 a tenperature range of about seventeen (17) to about twenty (20)
degrees Cel sius. A pressure sensor/transducer 456 is nounted in |line
with internal passage 420 on the opposite side of the cold nozzle
448. As set_forth above, the. pressure sensor/transducer 456 is hard
wired 1 nto G5 CCBHORGH b T EIEED (o O ST Iaae TRy eeerbATenaRe  ng
and 10w ofeBRIR1A0Y ad BIRUbENT SYRHATILAAN.CRRY- AHRSLAEBhsuaRE.

I 0 prevent

458b and 458c are positioned around the cold nozzle 4
wat er fr ompesswetis ngjlizdtbtasior¢e ondrive silicone foguthe @liddrieusanratges a

detail ed and _expan view, of the cold nozzle 448. illustrated,
the O-ring ?@3@%%@2: aﬁ%gﬂ‘eéﬁaﬂi%@cr“sws H@é’ﬁ?‘? Hﬁ'g(?%?n gr ooves 300f
the cold nozzle 448 to provide a seal ed separation between the

silicone material flow and cooling water flow channels. Silicone
mat eri al ent er s Theemigpd!wagerisjectie o aghemblyf 4@ecompopenanypussy 422

-1 . the.
shut-of 1 vl pab R ane e, R0 47 e R nin iR B5EH2% i dfizrrsagn
a channel 46&kcpevaiRbre-thidigh thedatcrnsl hdbgandofdrans coRl dédiones-iand

t hen back down inside of the long slimportion 466 of the nozzle

assenbl y 44Bsemidy FEP Gaspd@y exBiiasdsipahefcontiel axxem?qo.c dhpnleger
nosz1 o Hag PEAZdnex el S8R SRR B3 mALERT R BnGeBT Bl or

suppl y the tre 42068 Sivedl dczopgiaglyandbimget esgl jduk 4x6z2éss 448 pluhaer rod

exenplary mcro silicone pold nounted plunger_unjt or system 400
functions d2%&alithesarinus $izgst(8id mme o5 Weh The Bpugngdrssusfounds and

component s et 0Rld ineGil6indd ABI A1 Hekd iﬁ?%é&h%‘%gl%goﬁﬁ?‘fﬁg%%enﬁ%ﬂ od

driven into the mcro pfunger 1njection asse
ai r pressummeuetaticallgdvibyntdieciciorsierad mabort orSdiy, otBiel saitatde inmedree In the

i nside bore. or internal passage 420 is driven thr h the cold nozz|e
448 of Phe EAteL KNP @"i%%%"r‘i‘@ﬁiﬁ tﬁ@@'%ﬁ%ré%ﬁéﬁg%df'?’%’?npﬂﬁémat'ca”y

control SYQE&M@ngQH\%tiE Mot 43% AR 4362 ¥A/hn P-BHE'ZLZ‘BOiBtrFrQES i g Of

system 500 is programmed to run the entire process in accordance with
a pref err edcoprroaeds frem Teecardral sybtesy 0@ nihe0fungeraoceBibmokeb dsmard

eYStem ety T8 B8 SRR 1l Y o2k b AR ebBedClth mae
i's program®gity hdtUiludiRe®NThisSinRiclB 8 5 tinRdaGBPIHEAESS anbh B fhe cold
preferred procedure. The control”  system
20 nozzle assembly 406. When port 430 is pressurized via commands from the
control system 500, the plunger rod 424 moves backward and silicone enters
the material channel and is moved through the cold deck nozzle assembly 406
and the system 400 is recharged and ready to execute the next injection or
shot of silicone to form a part. A plunger rod piston O-ring 432 is positioned
25 around the plunger rod 424 proximate a plunger rod indicator flag 434. A shot
adjusting knob 436 connected to a shot adjuster 438 may be utilized to set or
fine tune the size of the silicone shot to be injected into the cavity mold. In
other words, the shot adjuster 438 may be utilized to set the number of
micrograms of silicone to be ejected from the cold deck nozzle assembly 406 in
30 asingle shot. The shot adjuster 438 passes through a threaded lock nut 440
mounted to the housing 422 such that by simply turning the knob, 436 more or
less silicone may be ejected based on the throw of the plunger rod 424. As

set forth above, the plunger rod 424 in this exemplary embodiment is 3 mm in

18



20 500 is a feedback systemthat nmay be inplenmented in any suitable
manner, including the use of a mcro-controller. As set forth herein,
the shot size is determ ned by the stroke of the plunger rod 424

whi ch nmay be adjusted nmanually by the shot adjuster 438, or fromthe
controller dl@n@t@eanﬂbﬂ‘@rlmﬁ@tlomstrp&@ﬂ\@ﬂgthcmadws@lbﬂe Viedretshot adjuster 438

nozzl e 448 | s d_ via e con t em,25500 t hrough .t he
Cora more AL PRR NUPHhE i hnfof BRdE e MRS B et B Attt A
for the syshanrd@bledk 142 wihessae Hofy eptrtemal 6§S§E§§e 420 tiR wiien tie
thirty (30) nmstroke, the silicone displacenent 0. 0144 cubic

i nches or Gilizonedlawsstoribe cold pagtle 448ots mpontes t@db@rﬁmrmfstbﬁ mitEbl e 1
Feot pr odat 111G e AR flbf B3GR 104 Bbpdil FRb o) ik Rt R Ehe o

reci procating system the silicone displacenent is 0.2069 cubic

i nches or 3. 3905 grans. This is 14.3 times nmore silicone for a single
shot. As may be heé%lmqﬁ%m#@twmhwﬁé is direpihneennaaied imbat&a@@ in

conpr essi Ofg.]&fongﬁéaﬁ{rildgl ARRARINLES e fiRrd BERBEPHLAIA AEEMbIy 404.

devi ces current resul In nmater oW varl a

The reci pr oktat caﬂg deckewzs\esdsywmn sy d0Bndepeivdend nbmmhbhﬂngbbseaﬂﬂ a
nol d which adds material flow distance into the system Here t

5si | i cafe APt NPFaRNOIERY PlReK At AINg fpldinogsier4 Fh@cemwl%e%e
augured al qng, eﬁﬁ%est%edhéﬂhﬁét'ic |h§et'p%r@otf%ﬁﬁ§%%%ﬁ@ﬁic% oINS FEESY

tip. From her mat'er must trave rou |ne nozzle to
enter the malwt, ai&dc:ﬂib@wb@etdllsUbsdemﬂadlyemaildpﬁnB@ndacﬂdnsesaMetqold Tbisle

entire syst i § subject t erla onpr.essi bi | it i uates to
variati on B et Sials Sarb i o Babepenghe noze &4 feliBigraiy
mcro sili capﬁeotrgﬂodda@@ HeehoRh aqsraﬂé?'tﬁe Shofhiad 6@%::49@“@@8 g S
i nvention specifically reduces the tlow path i cone such that

qual i t ySandshotpr bebefdrel any Ot@rlamdab@smdammmlaaj e sitikz s dstor gzhircanid/or n
this systemthel e silicone nold

i t ed
extrensly A4eaneOiRs 2880l b ol UEFT PReds ace rpl 4R flst orrEbises
greatly regugefcir@iigtingboits 284 haomelovidaeriied Wméﬁﬂ@ thé daRd @leél@ﬂ@iﬁ@t

up to the point of exiting the cold nozzle orifice. This provides a
st abl e pr egsgeEbboAee inerdgrioinaintain ﬁg@temmmture@fttm@slhmn@at the

reci procati e er _materi al
B P oe Rt e SRS Tl b BB B e T
syst erTQOTh® eeipht20iran & bf oot Jeviepitarnd(179$d bbont twiertp c20)efbgéed he
junction of the material flow
Celsius. A pressure sensor/transducer 456 is mounted in line with internal
passage 420 on the opposite side of the cold nozzle 448. As set forth above,
the pressure sensor/transducer 456 is hard wired into the control system 500 to
control the injection sequencing and flow of material through the system 400.
25  O-ring seals 458a, 458b and 458c¢ are positioned around the cold nozzle 448 to

prevent water from contacting the silicone.

Figure 5 illustrates a detailed and expanded view of the cold nozzle 448.
As illustrated, the O-ring seals 458a, 458b and 458c are positioned in grooves
30  of the cold nozzle 448 to provide a sealed separation between the silicone
material flow and cooling water flow channels. Silicone material enters the cold
nozzle through orifice or opening 460 located between O-rings 458b and 458¢

and flows up around the shut-off valve or pin 462. Water enters the cold
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channel and the cold shut-off nozzle. This arrangenent and reduced
mat eri al channel volunmes significantly reduces material conpression
and pressure variation in the flow of the material thereby providing
superior shot to shot repeatabili forth in Table

ty. 25 As set
1, the mat €13zgle M%mr%éff‘r@rﬁhar@%ié‘i @le%%‘?n forings 4pPrypad 4sb and flows
subst anti al | : I | 0 rans.
This is onIdﬁgcﬁ@gﬁﬁéﬁﬁpﬁagﬁéﬁﬂéélgg% 08?@#@%'@2@%?%“@%% E%r?
gi ven the diozzld asssmmislp 448nsT enkdrgx bodyskyticnddd of trevassenhisly cahigrisele

m cro plunger 30injectign assenbly connected directly to the cold
deck nozzl gh%@éﬁ’ﬁliﬁ‘,m &'Blmﬁ?@@rﬁsﬁ%@b&%ﬁ'@wpﬁﬂ%af‘ﬁé??(%?@é{‘eé’!%ieo‘?fh?r-,

ok oo LSS G el BREATOEENS A5 b 9 o B ek
shot wei ghttoioped. &tBgr clBse theSnozzke 4ABea” (Cubi c i nches) Materi al
Di spl ace nent (cubic inches) Material Displace nent (G ans)
The exemplary micro silicone mold mounted plunger unit or system 400
functions as set forth in detail below. When molding parts or components,

10 silicone from the silicone cartridge assembly 402 is driven into the micro
plunger injection assembly 404 via controlled air pressure regulated by the
control unit 500. Silicone in the inside bore or internal passage 420 is driven
through the cold nozzle 448 of the cold deck nozzle assembly 406 via
commands from the control system 500 and into the mold cavity. The control

15 unit of system 500 is programmed to run the entire process in accordance with
a preferred procedure. The control system 500 is a feedback based system
that may be implemented in any suitable manner, including through the use of
a micro-controller. The control unit of system 500 is programmed to run the
entire process in accordance with a preferred procedure. The control system

20 500 is a feedback system that may be implemented in any suitable manner,
including the use of a micro-controller. As set forth herein, the shot size is
determined by the stroke of the plunger rod 424 which may be adjusted
manually by the shot adjuster 438, or from the controller to a servo drive.
Silicone flow itself from the cold nozzle 448 is controlled via the control system

25 500 through the cold nozzle valve.

Table 1 below summarizes the displacement for the system 400 of the
present invention. As set forth, for a thirty (30) mm stroke, the silicone
displacement is 0.0144 cubic inches or 0.211 grams for a single shot. For a

30 comparison, Table 1 also summarizes the displacement for currently utilized
12mm diameter reciprocating screw devices. For a thirty (30) mm stroke in the
reciprocating system, the silicone displacement is 0.2069 cubic inches or

3.3905 grams. This is 14.3 times more silicone for a single shot. As may be
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Pl unger Stroke maxi mumis 50mm 0. 0129 Stroke minimumis | mm0.0129
Stroke used is 30mm 0. 0129 The 3nm di aneter plunger has an area of

10

15

20

25

30

readily understood, there is significant increase in compression of material
associated with the reciprocating screw devices currently utilized which result in
material flow variation. The reciprocating screw systems are independent from
the silicone mold which adds material flow distance into the system. Here the
silicone must flow from the material inlet port on the barrel and be augured
along the screw unitil it is compressed ahead of the screw tip. From here the
material must travel through the machine nozzle to enter the mold and then be
distributed equally to each cavity. This entire system is subject to material

compressibility which equates to variation in material pressure and flow rate.

The exemplary micro silicone mold mounted plunger unit or system 400
of the present invention specifically reduces the flow path of silicone such that
quality and reproducibility is increased while waste is reduced. In this system
the injection unit is incorporated into the silicone mold extremely close to the
cold shut-off nozzle. The system has a greatly reduced material flow channel
diameter which is held constant up to the point of exiting the cold nozzle orifice.
This provides a stable pressure constant within the system unlike that of a
reciprocating screw system that begins with a 12mm diameter material channel
and then reduces over the length of the flow path of the system. The actual
injection stroke end position is located at the junction of the material flow
channel and the cold shut-off nozzle. This arrangement and reduced material
channel volumes significantly reduces material compression and pressure
variation in the flow of the material thereby providing superior shot to shot

repeatability.

As set forth in Table 1, the material displacement, 0.211 grams, for a
single shot is substantially equal to the desired total shot weight of 0.218
grams. This is only achievable with the design of the present invention given
the direct connections and extremely short flow paths. With the micro plunger
injection assembly connected directly to the cold deck nozzle assembly, the
plunger rod drives the thermoset elastomer, silicone, through the internal
passageway or bore of the cold deck nozzle assembly and the cold deck

nozzle.
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0. 0129

Di spl acement of 3mm rod @ 30nm stroke =

Di spl acement of 3mmrod @I mm stroke

of 3mMmrod @50mMn stroke =

0.0144 0. 211
0. 0004 0.0066 Di spl acenent

0. 0214 0. 3516

Injection | Out total shot weight is 0.218gr Rod/ Material Material
Type Screw | Displace | Displace
“Area” | ment ment
(Cubic | (cubic (Grams)
inches) | inches)
Stroke maximum is 50mm 0.0129
Stroke minimum is 1mm 0.0129
Stroke used is 30mm 0.0129
The 3mm diameter plunger has an 0.0129
area of
Plunger | Displacement of 3mm rod 0.0144 | 0.211
@ 30mm stroke =
Displacement of 3mm rod 0.0004 0.0066
@ 1mm stroke =
Displacement of 3mm rod 0.0214 0.3516
@ 50mm stroke =
Recipro- | A 12mm diameter reciprocating 0.752
cating screw has an area of
Screw Displacement of 12mm diameter 0.2069 3.3905
screw @ 30mm stroke =
Table 1

Although shown and described is what is believed to be the most

practical and preferred embodiments, it is apparent that departures from

specific designs and methods described and shown will suggest themselves to

those skilled in the art and may be used without departing from the spirit and

scope of the invention. The present invention is not restricted to the particular
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Reci pro- cating Screw A 12nm di aneter reciprocating screw has an area
of 0.752 Di spl acement of 12nmm di aneter screw @ 30nm stroke =

constructions described and illustrated, but should be constructed to cohere

with all modifications that may fall within the scope of the appended claims.
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0. 2069 3.3905 Tabl e 1 5AI t hough shown and described is what is
believed to be the nost practical and preferred enbodi nents, it is
apparent that departures from specific designs and net hods descri bed
and shown wi |l suggest thenselves to those skilled in the art and may
be used wi t NobtA Tdepak-iMgIfSom t he spirit and scope of the invention
The present invention is not restricted to the particul ar
constructions described and illustrated, but should be constructed to

cohere with all noghfihi @tié@ﬂﬁ)l(ﬂih%tddm dathprigihghi n the scope of the
appended clains. WHAT IS CLAIMED I S: 1. An injection nolding

devi ce conpri si rycartridge assergabvtdafaig asbermbiey ferdiousingasapisanes f or
housing a GARKFI&, (Me-RBLGTE Kifh mBAGr! §F tRBFnE&E fadlbiieyy © of thermoset

el ast oner;
a cold deck nozzle assembly, the cartridge assembly being connected to

the cold deck nozzle assembly through a one-way check valve and configured
to inject thermoset elastomer from the canister into the cold deck nozzle
assembly, the cold deck nozzle assembly comprising a manifold block with an
internal passageway in fluid communication with the cartridge assembly and
adapted to receive thermoset elastomer therefrom, and a cold deck nozzle in
fluid communication with the internal passageway; and

a micro plunger injection assembly connected directly to the cold deck
nozzle assembly, the micro plunger injection assembly comprising a housing
and a plunger moveable therein, the plunger configured to drive the thermoset
elastomer through the internal passageway of the cold deck nozzle assembly
and the cold deck nozzle, wherein the thermoset elastomer displacement for a

single shot is substantially equal to the desired shot weight.

2. The injection molding device according to claim 1, wherein the
chamber of the cartridge assembly comprises a substantially tubular member
having a removable section for at least one of insertion or removal of the

canister.

3. The injection molding deice according to claim 2, herein the
cartridge assembly further comprises a mechanism for driving the thermoset

elastomer into the cold deck nozzle assembly.

4. The injection molding device according to claim 3, wherein the cold
deck nozzle assembly further comprises a nozzle holding base, a cold nozzle
holding block, and a chilling mechanism, wherein the nozzle holding base and

the cold nozzle holding block secure the cold deck nozzle in position and allow
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a cold deck nozzle assenbly, the cartridge assenbly being connected
to the cold deck nozzle assenbly through a one-way check val ve and
configured to inject thernoset elastoner fromthe canister into the
col d deck nozzle assenbly, the cold deck nozzle assenbly conprising a
mani fol d blfBE Ruigi caim@mKnicatien betwerr Hieyedld\isck mozglenrdiiainierast on
with the c [ ted to receive thernoset

el ast oner 3%§%§gg@ﬁg%§ﬁﬁ?§¥%@ﬁ§‘@gg' nozzle in fluid communication
with the internal passageway; and a mcro plunger injection
assenbly connect®dTHEligjettioh @IdiRg deoice at@@l@iﬂ%zczb@ira&ﬁwﬁ@rwn thee

m cro plunger injection assenbly conprising a housing and a pl unger
nmoveabl e t Hdlbng madh@njsiny se@risen B sfilesditrpsgpgswaynwriaieriadiggtcooling
elastonertgﬁéﬁph the internal passageway of the cold deck nozzle
assenbly an ie cold deck nozzle, wherein the thernoset el astoner

di spl acenent for a single shot is substantially equal to the desired
shot weight. g Thlinjdd®r RioRGhd eBvidelRcBEHINGYd ERirA T WHEr8d the micro
claim1l1, wherein the chanber of the cartridge assenbly conprises a
subst ant i alplyngersoiegtiomaatembhaiithgr somprsea Bl BURgRTtIeah PRSI operativalt

o1 ding doid5CReke) Wifigy Buter s TG nrat ara v EReLBkERY "

further corgiviesns themiediaRi S Mo ttolgh fige IMerran pasaRiva) étheneid
into the cold deck nozzle assenbl i njection nol ding

. 4. T
devi ce accdlagkipzzle %$S@inhbl3,amiﬁéeéoi¢ deek aorae @QSRO RoeEhardespesHiny

further conprises a nozzle holding base, a cold nozzle hol ding bl ock,

and a chilling chanism.. wherei.n the nozzl e, holdin se and .t he .
ol d noszl e hol dnb BIGERILLEGRLS HE%eB RS koo o RsdefhEimigre
al low for dilindet ineation upati@feeinieesed Heheositbidesdjuseaditanasshriise

i nternal passageway of the manifold bl ock. 5. The injection
nol di ng deVpeecttingshelstigke ienathfeon agiveRahetn the chil ling mechani sm
conprises a series of passageways for circulating cooling water.

6. The injectio di.ng ,devi ce,.according to,.claim5 rei.n .the

m cro pl unger  § - oX¢ SHEGERLRGTYRS BBt e ebinhy B et g1 Wit bt o
pack oper atdaeRInb2rsesthptiesh Mvk Vel tBe fRinaeeEload th&@BoRlr deukaesen. for
novi ng the plunger to drive the thernoset el astoner through the

i nternal passageway of the cold deck nozzle assenbly and the cold
deck nozzl e and to r i tiOf '/ i nj I

nol di ng devi ce a%b(;[?]& 'ﬁ%%ﬁéﬂgrl]@l?%géeqp\%ee?%(foﬁnd{nﬁetorﬁ@%oﬁ 'gf’ﬁ%'tgeérﬁ)ﬂ“e

i nj ection wwvicd fufitheecompnipeissemirol Shotens foravatralingthewneratkehanatdeast

for setting the stroke length for a given shot. 8. The .
i nj ection rAsedpiihedairidee aSseriithdhe sokl deeh nozzimasesmblymndtihiedmisse k

nozzle co i A n and cl ose the cold deck nozzl e.
f rf%e;r @gﬁgﬁ%ﬁ(%séé’mi% :

9. The inj ng devicé according to claim1, wherein the
device further conprise a control systemfor controlling the

operation of at 1easatmehedddr inftioprhslidigea @sApUPkyit, théensthbd deck
nozzl e assenbly and the mcro plunger injection assenbly. 10.

A net hod f GOMHJSEi on nol di ng a conponent, the nethod conpri sing:
novi ng a prem xed, one-to-one ratio m xture of thernoset el astoner

froma cartridge_assenbly securing a cani.ster .of t th

el st omer 1 nt o AROTRG &R EEL ufRCpRE g FraliadNBel et dRE B emer
and felirh \dl aWitridie Adehimls ebcelims b oaRistéMsiatehhémeodaitepidiaer into
passageway of the cold deck nozzle assenbly and a cold deck nozzl e,

wher ei n t hént iRmesRassadast enedld deshineealeerrsentlys@ ngl e shot is
substantially equat, @ e AESLT 98 R: iRl GRith fintkAG G2RI0ENLy of the

cold deck nozzle assembly and a cold deck nozzle, wherein the thermoset
elastomer displacement for a single shot is substantially equal to the desired

shot weight of the component.
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