1 (2MBN SBHR SG) Self-Balancing Hot Runner with Independent Flow and Pressure Control The present
invention relates to a method for use in injection molqing with the capability to have precise and

adjustabl ﬁgmrgégktg%fnolten plastic flow, when molding at least two (2) nonidentical (i.e. with more
than 50% difference in weight or form) or identical complex-shaped and intricate plastic parts at the same

time, utilising a mold with at least twegg)f gg.gi%léyﬁ@s H%?‘R@ﬂ‘#’éﬁj conventional injection machine.

This invention incorporates the principle of having two (2) valve pins in which their movements are
back-to-back and can be in(% naentl opened gnd closcﬁj Bs controll%b tepper, servo or linear
motors linked to a separa\f\é' EB@B ﬁ&%?@%ﬂioﬁ%%@q e t\K/BS(§W29 (gﬁlﬁg e positioned at the
floating half of the mold for sequential, stack or multi-layer mold with multiple cavities. For a given

injection shot, molten plastic from the barrel of the injection molding machine is injected through the mold
cavity at ?a A%redetermined set injection Eressure r{(from injection machine barre%tgtnd injBection speed from
t

the injectidlf MR VERHRMISIRIGS BRIANBEIRBIRI RSN D RURE AR & O L M GBPEBITYORP VR control

the moveipent oL 1e yqING IS A oS5O BIEAPBILRI s SEGL hUEAL Tl Reperjag.on the

complexity and geometry of the plastic part to ed using a sequential, stack or multi-layer mold

with multjgi@ cayities aarhyaMRRB 6 e RPRESH @B%M%@&W@@H%ﬁl%ﬁ%ék&ﬁ%&h’ Adfully so
as to regulate the injection pressure and speed provided by the injection barrel and injection screw piston

in order tpachievysdsie gasisesd flvsaate tordhatmotign plagtioin Bowassite X paspertiyermold gavities
on the floating half of the mold. 2 (2MBN SBHR SG)
standard conventional injection machine. This invention incorporates the principle of having two
(2) valve pins in which their movements are back-to-back and can be independently opened and
closed as controlled by stepper, servo or linear motors linked to a separate independent tool

controller. The two (2) valve pins are positioned at the floating half of the mold for sequential,

stack or multi-layer mold with multiple cavities.

For a given injection shot, molten plastic from the barrel of the injection molding machine is
injected through the mold cavity at a predetermined set injection pressure (from injection
machine barrel) and injection speed from the injection machine screw piston. During the
injection phase, the independent tool controller will control the movement of the valve pins via
the use of stepper motors, servo or linear motors. Depending on the complexity and geometry of
the plastic part to be moulded using a sequential, stack or multi-layer mold with multiple cavities,
each valve pin can be opened and closed independently, either partially or fully so as to
regulate the injection pressure and speed provided by the injection barrel and injection screw
piston in order to achieve the desired flow-rate for the molten plastic to flow inside the

respective mold cavities on the floating half of the mold.
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Once the mold cavities at both ends of the floating half of the mold (i.e. for sequential, stack and
multi-layer mold etc.) has been filled with molten plaﬁics, the valve pins will be totally shut to prevent any
drooling %%N%QQ’“%?@P either side of the mold is opened. The present invention describes the possible
actuating mechanism for'an independently controlled back-to-back movement of the two (2) valve pins.
The valvepisteambRrl @it yepeecean s entterasster aad viithdheorptien fer Bequetaiiediaykaerss or
sliders. The present invention describes two (2) proposed configurations, which allow the user with the
flexibility nwbickeyratelyldreddn desarsan(ijeconttionaoitb ad) astitise ingectiva pioddivil) ipartaraliytesisuforothe
product. Both configurations not only serve to accurately control and adjust the injection molding
parametdt€ VBNt B \HEIENdPesiIAFREGAVaRRIGINST Bietabinenmim s BRePGMpact and yet effective, hence
saving tooling and molding costs. 3 (2MBN SBHR SG) FIELD OF INVENTION The present invention
relates generally to injection molding system and methods, and more particularly to an injection molding
system method which is ca . of hayin ise cantrol in the molten plastic fl en molding at
least twf)‘tP g? r@r%%qgnt&\gné%orﬁ]p g)?@?aes;g%lg)s%g %a%rtsa (f\cl%ﬁ%%t% n &Cn%?%ge?& g%?th%ﬁsé%ﬁt%#ﬂyng
sequentiah, ik baMlibBYEK MRIdeMLhablemst WO (3) R IAYehYia AviapAardfrBuesiqnal
injection machine. At the same time, it solves some of the common problems associated with using a hot
runner syhteated thedioatirgdwlf ofdhathatuaipinln stabk acumitcldyegeasibinshdeiandaed gesyentional
injection-molding machine such as plastic part balancing, variations in plastic part weight, dimensions and
mechanidalgripedessribas Te (Byeuenoiedernidigdesornbedieheaipappledsey avitboh@flexdidijywith two (2)
parting layers for sequential, stack or multi-layer mold that can move in sequential, alternate or

simultan@§6Y'aeoand independently control and adjust the injection molding parameters for the
product. Both configurations not only serve to accurately control and adjust the injection molding

parameters, but they also do enable the design of the tool / mold to be compact and yet

effective, hence saving tooling and molding costs.
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4 (2MBN SBHR SG) BACKGROUND OF THE INVENTION The use of hot runner in injection molding
process for manufacturing plastic products is a common manufacturing process in the plastics industry. It
is WeII-kr@mg,{pS%nFyRoggs art that in any hot runner system, it generally involves a polymeric material
which is in molten form and is being injected into the hot runner's manifold system that is linked by one or
more hotpumme ororRlENTIbanheated nozzles help to maintain the plastic material in molten state, and
help to guide the molten melt flow into one or more of the mold cavities. The molten melt plastic is then
cooled inTthe preseetointiemtimol dedzeiyg éokoaliy ddyrnjrutics)ecmidinghestte amuldieibpds, Bndnmpdiet runner
system, the flow of hot molten melt via the runner layout into the mold cavity plays an important part in
that it affeef§eHarHLENIRDARIRSINASMOlSHY tEYSEEMANEINFHIOE Yarel ifeetraSr fBRVEcAmeiAfoIding

play an integral part in controllin%qthe flow of molten plastics to the mold cavity, Different designs and

configurat E.OE} tg@aﬂ}?ﬂ)t%”o?]? 8r@%r"mﬁﬂr_mqf d%PﬁﬁB%’r%é%EE%dﬂ iRlfeMBlRs AR Yescribe
further o Itéﬂs‘?i dééfer%‘é %%{?t%éﬂaﬁé’ Vs #%t% dt%%'%%?nét '%%r8$ﬁ%|%é'3{l§éﬁﬁglf'%t5%ﬁeép SMRERYAALAL the
effec Arral | i moldi T fact

causes a s given by a basic n terms of injectio ng parameters. In fact, in most of the
cases, thgiyalaRIaRYBBAESPRSSEALYEloRRA alveiihaPriRelisProiameof Ahenmaldgd plastic

part, weld-line control of the molded part, and adjustment of the flow rate and/or injection pressure mainly

on the fixgde)alfsofvidre smalsl ddtHE e anplien pisisiimioadeuciatedtine s ianstpedhmoldneayity sie mualiitbavities. A
typical injection molding process is divided into 2 phases, i.e. the dynamic injection phase or
filling-padkiagnphizadt ofolienest)byntivd, Riack-phagelfiviAieh iscédsin terataadasposdiingnghayectipinolding
phase. The more relevant importance to this discussion for the present invention would be the dynamic

phase asMAEIREsTAMNESHRESR 2ONEDE RSN BPANPEFERIR Br RFSEEARhYIRIFIY BRI Surrently

available in the i 'ectiop molding market. CONFIDENTIAL 5 (2MBN SBHR SG)
and mechanical properties, etc.

The present invention described here is applied to a tool (or mold) with two (2) parting layers for

sequential, stack or multi-layer mold that can move in sequential, alternate or simultaneous

motion.

CONFIDENTIAL



For the dynamic phase operation within the barrel of the injection-molding machine, the screw-piston
movement monitoring and the plastic molding cushion within the barrel of the injection-molding machine
are impoE%,(pgg)rqﬁtg ote. The importance of monitoring the movement of the screw-piston within the
barrel of a typical standard conventional injection-molding machine must not be neglected in order to
ensure rgpeaiebityUNthe gty l/themdstic part to be produced cycle after cycle. Given the fact that
each polymeric materials exhibit its own pseudo or viscous-elastic polymeric behaviour, factors like the
flow-rate Tiehesmaoitdmoplastierinfeotjectispemd)dine qlimcqgre Ssunmaicfacealignmbastianprodretseiers that
would affect the quality of the plastic part produced. Studies have shown that by controlling the flow-rate
of the mAlEAMPASTEROFAEIHIBIDAIRE.BSHB IRfeBlaslias Wilusive driseettoawiehaRoadRyast thal fihal
plastic part. The importance of having plastic molding cushion within the barrel is important in an

injection AR HIBRESES e hARIGER S RIYERIBP RS FFORIR L UNCPrE8URPR LR fledPrue,
runners ates as well as the cavity for packi [ rt. Thus, the cushion d ect the
pressure gé;'jé‘g \I/bf%ﬁ?]e% Isetzfl)ndaer %%rrllj\r/]er? ign%%{]rlﬁé\gti%}%r%%lgﬂ%g Ir%]zlnllcﬂ%r?e. )égrn%n%/r (E%%r\%:}r?%%?]uaﬁﬁsétgndard
injection macRineTsYRININSIS, HAMLIBNG (hiiRlastiteUSRIGR. HLRAAITT ANSPIUREIRhSIRN &
multi-layer cavity mold with more than two (2) parting layers and running at least two (2) non-identical and
complex glagsichparisiiéhenal e intarme bahitie othefirgiidlstyiaasd saeandiieh tgapingitayensvould not
be the same. The cushion can control the backf low of the molten plastic melt during the injection phase,
hence improles intihe gbaieyabthhemoiddaety patiowedhey aanteriectiankeinemtst oiolHdsweies.gate designs do
not take care of the backf low of molten plastic melt on floating half of the mold since the volume of
material filling the first (1st) and second (211d) parting layer is not the same. Hence, the design in the
present invention js meant to solv% the bac élow i?sues ssociated with r]ﬂbe floatinq half of the mold. 6
efl ‘E

(2MBN SERRYSE) HENRLSRED BRaA th thBYD RIS BaragP- PR | PAPARERAS MR AW P& AL

pressure VELY. i ' inject infl h ic phase of
eston Be e P e o e T S MR,
Bemnoullis&¥iaaiBisTasankieamrIarthing de (eglauidmaliempbasissle theflenmraterphaessure are
directly linked to each other. With an increase in the flow rate of the fluid, the velocity of the fluid will
increase tastivelhraid taeiyyreditmenyildssmnianabeshfijectase afdisvakiabienoananecarfdediffqeessed
using Bernoulli's Principle: r V 2 - g = constant Where "p" is pressure, "p" is fluid density (assumed
constantRrogdues Aod REleeHs reguie thentisceripsgioreofiefeiing , farberzons thive difterafio mistak Yhiue particle.

The relation applies along angﬂ%articular streamline of the flow. The constant described in the equation

may vary3t§ SES GneaiifrieRANNSE RIESHNSIIURIEMIFE N L B GBS ERY SR KIS TEES GMETIBY Gelocity,
which is 8bvio%sly qot e the e far thiscﬁ)resent invention qe§cribed here.
asic barrel 1n terms of ‘injection malding parameéters. n tact, in most of the cases, the valve

gate system designs are developed to solve the cosmetic problem of the molded plastic part,
weld-line control of the molded part, and adjustment of the flow rate and/or injection pressure
mainly on the fixed half of the mold for the molten plastic to flow into the standard mold cavity or

multi-cavities.

A typical injection molding process is divided into 2 phases, i.e. the dynamic injection phase or
filling-packing phase, followed by the quasi-phase, which is also termed as post-filling phase or
holding phase. The more relevant importance to this discussion for the present invention would
be the dynamic phase as the post-filling phase could be corrected by any system or injection

molding machines currently available in the injection molding market.
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By applying the Bernoulli's Principle, it will also be easy to understand that a conventional valve gate
nozzle in both standard and two (2) layer mold with qr without a variable opening and closing of the gate
will be ngt,ahlg tgsindepgndently control the flow-rate"and pressure. In a conventional injection molding
application, either flow-rate or pressure could be adjusted by the injection machine itself via the barrel as
well as simultaneously having the valve gate nozzle adjusting either flow-rate or pressure. Such an
adjustment of flow-rate and pressure is typical in any injection molding process. For a multi-gate system
using a skamdbedigpavenpbast vpeegatevwibzribe ibaébef therajdifficointoldingerniadepeniienddtew-rate and
pressure adjustment at the same time. The injection barrel 7 (2MBN SBHR SG) could effectively cover
only one RIEHShTAAHE AEEIVBRAERERE Rt Shaieetie inaldivrm G Biafe Wil e Raseet efdhR st i the
respective individual valve %ta,tes, based on the Bernoulli's Principle h(%zhli hted previously concerning the
t

relations B REH HBR VS MR R LSIRES 1Sl RFdBER RS L SRR SER R LR, TAKBERIEto inject
simulangously (4, (@) 4996 QUG pRCS I I90.igh fudifelenss i fera.of el or o o
example aving more than o difference In weight consisting of one long ano?ﬂnn par ang ano?her part,

which is biganbiiekn TBH@E!WHW&%P_QB%H@&r@‘?e%%?aﬁfliﬁ?%%'%ﬁd&!lgf%@@%(ﬂﬁﬁ& haying e (2)
mold layers, with a first (1st) nozzle being able to feed the first (1st) mold layer and a second (211d)
nozzle beingatde tydresftrecgeieomivetilihe) fawlthiayeicht psnolkyvie rsaiicudt éahitid rsséandoitaidde
pressure loss will be totally different in the second (2nd) mold layer, making the injection molding process
particulady diffiouit-eSstia pobmagits ibghmntioutafhctumikerinedlovcially sirtbe theltedjiasienigéchienflow-rate
and pressure parameters usually works well for either one (1) of the two (2) mold layers but not for the

two (2) iRy EVS GHRIVIRG S Uife Harfe tHf dnIReiiinRI a8 S Htplettidfy2Sise ing Seebriscdgid not be
easily solved on any standayd conventional jnjection-molding machjne, However, there are other injection
rolcing SRSl R P £ S G QP e S TP Ay RlHant
influencing, iRy dnUBadAr AL RAfional invarimenia K aHIdRe APSARE R AreuiRgRr such
systems. Various methods in the prior art out there are available to control the flow of molten plastic melt
into the cavity in order to ensure good quality plastic product being produced. However it has been found
that the prior art systems available out there are not able to effectively and accurately control the flow rate
of the matteniplpstiaraiecbinjeetianpiactiimyofitidgscushiodaeperidend b arrerdemipdreare maeirey dcjegtate and
precise control of the molten plastic in the floating half of the mold on a standard conventional injection
machine RgEcidPsaISFothR PG PRES(2) AcsHETtsale dinpiert aiestittitassspdpe pathfc Spdas at the
same time. For example, CONFIDENTIAL _ _ _

runners and gates as well as the cavity for packing a plastic part. Thus, the cushion does affect

the pressure drop within a standard conventional injection-molding machine. For any

conventional standard injection machine, usually there is only one (1) plastic cushion. Hence for

any sequential, stack or multi-layer cavity mold with more than two (2) parting layers and

running at least two (2) non-identical and complex plastic parts, the volume of material filling the

first (1%) and second (2") parting layer would not be the same. The cushion can control the

backflow of the molten plastic melt during the injection phase, hence improving the quality of the

moulded part. In the current market, most of the valve gate designs do not take care of the

backflow of molten plastic melt on floating half of the mold since the volume of material filling the

first (1%) and second (2") parting layer is not the same. Hence, the design in the present

invention is meant to solve the backflow issues associated with the floating half of the mold.
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8 (2MBN SBHR SG) most of the prior art systems which are not able to accurately control flow rate and
injection pressure independently faced a strong IikeliEood of encountering common molding defects like
weld Iine&%ﬁrggwgel)es, flashing due to over-packing, etc. A strong weld-line can make a difference
for any typical consumer’plastic part under warranty. A weak weld-line could potentially be created using
prior art systep& e inaggiake eesiielopihediavwrsataehibe molendqlasiie and theskijecianvaglding
pressure, leading to inaccurate filling of the molten plastic, hence affecting the mechanical properties of
the finishietppttestidrpant, infeEstisnespttiglyreceis. Muls;cheityfiomidevdidne dyedoiv pfiarelvémsesiic is
important. Over time, this would affect the quality of the plastic part under warranty, which would result in
the quali§depavm ehalafsreisisatiidhaelrsER Pk MEspBRIAIR NESRCIAEstic part is a basic product molded
at low costs using a typical smart valve gate/pin nozzle system described in the prior art. Such additional
checks will incur unnecessary additional costs and is not productive. Therefore, the importance of

balancing a hot runner, system by independently adjusting the flow-rate, and.pressure,cannot eglected
as balangfr%@%éh%o Fdﬁ%’%c?v‘é@s%rw rglﬁuﬁtsgirﬁngéa%rafﬁiaﬁ%r ﬁﬁgm "ol ?fecél%grt "%’10@3'&(}% Wv?tﬁeﬁniform
filling. Thisdsiesparialivaader AmdthraAYMAld GHaRIPG AR RIanEArdiren RMtoaRkiRiestienmaghine
which typically encounter problems in molding good quality parts with cosmetic issues related to
weld-linegoiintesraldbuhblerictehbeiapelynviates . iMianyilrinc asie signsaindrry stemsressupeingl|
disclosed to control the flow of molten plastic into the mold cavity via the use of valve gate or valve pins.
Some repiesdntEbusty sleaneples thisugrepoiveasndesidieseiknreaded gaires BeroaltEpirinaidedisclosed.
Examples are US Patent Nos. 4,244,909; 5,478,230; 6,632,079; 6,884,961; 7,192,268 and 7,175,420. 9
(2MBN S‘BﬂESJFGﬁ Gellerts US 4,244,909 discloses a method of transferring molten plastic melt for stack
molding, £onsisting of a valve gate located at the stationary mold plate in alignment with another valve
gate located at the moving floating half, which communicates to another back-to-back valve gate via the

runner p¥B8Fe WithirPIRESHTSvirRy oAt IR05ibf (RESWBRA LONRA I e/ arafAgWYelacHY the dadk&o-back
valve gates V\iithi the floating half,qf the taclﬁ motld Witpﬂt]heﬂva ve aje the ﬁiﬁed half Iof the mold are
2l in ine SR LR LA T sTRGle 22 dirE TRV D5 PO o2 666 IR RRRIFE DR Yy open
or fully clgse guringIiPeRReRAHEDLIMIR ﬂB\r/lV.af‘ﬁé"SoﬁQiHFrgHI&Er%re‘a‘%Ht'Eﬂb QUSRI UeR,disclosed

is able to independently adjust and vary the opening and closing of the valve gates, hencé offering better

control insiRddingeatierst ivea2hé liarrntsneindasntior! Mashadasts Wit compptex apditptigata shapes

and sizes.
obviously not be the case for this present invention described here.

By applying the Bernoulli’s Principle, it will also be easy to understand that a conventional valve
gate nozzle in both standard and two (2) layer mold with or without a variable opening and
closing of the gate will be not able to independently control the flow-rate and pressure. In a
conventional injection molding application, either flow-rate or pressure could be adjusted by the
injection machine itself via the barrel as well as simultaneously having the valve gate nozzle
adjusting either flow-rate or pressure. Such an adjustment of flow-rate and pressure is typical in

any injection molding process.

For a multi-gate system using a standard conventional valve gate nozzle, it will be more difficult

to have independent flow-rate and pressure adjustment at the same time. The injection barrel
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McGrevy's US 5,478,230 discloses a manifold system with multiple passages and its associated pistons
with valve gates in a back-to-back in-line relationship, with the system designed to prevent fluid leakage
when the(ﬂmégﬁwfgg is heated up. The valve gates are either 100% fully open or fully close during the
operation. With reference to the Bernoulli's Principle explained in the previous paragraphs, the
embodimgildnetiseiudiyGealt vhlnircdacabievirnadepedidertit galiest atdeeentiditheubioyataaad
pressure. Moreover, the flow of the molten plastic is transferred from an inlet to a plurality of passages
leading t¢httre heaheeagatstedrathtinetinesp éctivie (hdivad uali-dihex Yated, Jingésl matime Benaultlis tRencghle gates
directly as described in the present invention. This present invention disclosed consists of valve gates
arrangedis Higer. RyayiRus | -fiercarndit Bia aaHmmstiR Bl weHe mprhafRSAYER: TOWANOdiEECtly to
the valvefrgg%ltes. In addition, the present invention, is able to indefs)endently adjust and yarﬁ opening and

closing of VAR PERE RE e R BRIE O L FIMWIBIRARYSM g P9 AR R Bentical

6,632,078 B o R B O e S R R

6,632,079 patént disclose runner s
distributing matesadiftisg b hommpit st ridine mashine trisLRithafieries leading to one or
more mold cavities, and a controller cum transducer (i.e. position or pressure) for individual control of
material injected through the gates during injection cycle. Synventive's US 6,632,079 patent is able to
separately adjust and control the flow-rate and pressure, with the manifold system being included to give
the user Witthilarlyod silsilitgnisickd st cajsavhesiguntishinjedtionre nfisingchesicly hoe £8).rHbdviayers thdthegative
aspect of the system disclosed in Synventive's US 6,632,079 would be the complexity of the final

assembly? figlkihg) inarRiEURCIBD BIG Srcfremhibs Greh@vd maldravelcarncha s8cewt deVErFRg S68Wa
tem discl inS tive' 6, ,079 patent will be . ive. F le th f
R Y R R e e e A T

hence nfsessiLOBONGIAHEIRTAOSe N Ssss bl e n i LG VAR dasaged

and needs to be replaced, the user wou the system In order to replace the valve

pin, henceaielpagngribendeweringe @b esteaticdrpresaridnvesiiviiatissiase thbagthenachaitage and
flexibility of being able to be implemented on the floating half of the mold for either sequential, stack or
multi-layéiomeddenatit npudisstagi tesa hmesdditisnaltifenaresent infee nsidre discto $8d of lmenates(2) emeed for a
controller cum transducer system since it is dynamically controlled, hence providing faster response as
well as séviak codtsnTthéoe i diMee fi2)ddeidb iy disonrqytegent itheersgvrewduRl A@dhaneausisirenance
and assembly costs would be lower since the design is simpler to assemble and maintain. No sensors are

required T MHE I MUFR@FSAAIRAINE BPhBRFESRIMEEIAYG AYCHARHAAFRYGRIOAHIRE W tors (i.e.

stepper, linear or seryo) which are externally located, facilitating the user operator to easily assemble and
maintain ORMLIAEU LR (YRGS T el O B e R Sl s o B oo

channel fgfyeceiNgBE Rolen BrEsHsqIBas gy elharpoeiverngdhe g olenPlasic maket,
CONFIDENTIAL 11 (2MBN SBHR SG)

and additional investments would be needed in procuring for such systems.

Various methods in the prior art out there are available to control the flow of molten plastic melt
into the cavity in order to ensure good quality plastic product being produced. However it has
been found that the prior art systems available out there are not able to effectively and
accurately control the flow rate of the molten plastic and injection molding pressure
independently in order to have more accurate and precise control of the molten plastic in the
floating half of the mold on a standard conventional injection machine, especially in producing

two (2) non-identical complex and intricate-shaped plastics parts at the same time. For example,

CONFIDENTIAL



to a nozzle channel of a hot runner system. Sensors are installed to control and adjust the amount of flow
of the molten plastic melt into the mold cavity. Pressyre and flow-rate are individually adjustable and
easily mi%ﬂ%pﬁh%@)(z) simple multi-layer valve pins installed within the back-plate of the tool. In
addition, the system described in Okamura et al's US 7,192,268 patent is able to improve the quality of
the prodystisnetteweyvrs Hiesjewnsidenrihaldtiutedscasnasi{ottaysenronepaeramalking ihfitfienlt to be
implemented on a two (2) layer tool. For a two (2) layer tool, one can implement another similar design in
the reverpezssnanimele mundinsywaokd @ storip dikthib ®izeod Etive tottnnguidrbe@xreidely dedssivdikbence
having the need to use a bigger or extended injection-molding machine. Therefore, the system described
in Okamural@dines. irgernpbpuidiepafiashiss Gabie RYESRRAKINGY &G0l PHANE WRIA-HVD ¢a) pARkAdRlayer
tool. Ouré)_resent invention disclosed has the advant??%e of beincP;NabIe to be implemented on a two-layer

mold, esPASERCEN He HYat¥Y FaIF8PTHE Rl RIS RREY JBHEEMYAIN R ko MfRdlki -1 27 oI GQith
multi-caviies WiRowt trcared ol a manfald. J-addiionshepressat inventiop discipsed-elmingles the
need for sensmysystem Since 1t | ynamically controlled, hence providing faster response as well as
saving conber ALY, i W@%ﬁ@ktfbﬁemﬁ?&?%@h@) RIS BNMHEOIRASt FiRI0Ss akingidpasier to
assemble and maintain. Hence, assembly and maintenance costs are lower as compared to Okamura et
al's US 7plastic, o pedestic B nie Wiz chadio#l 2opeaieast distiesesshctuplastivaae. gatesswdpaaanyanifold in
which the movements of the valve gates are independently actuated and can control the flow-rate and
pressuredorfeachtasiyityianthe wheref tentiolevtspalien plastenisSimikitatthéOraibiotentns desddibed in
US 7,175,420 patent is almost as difficult to be implemented on a two (2) parting layer mold. The

embodinfif & At PUBEERS ADe hateRt AR M IEBOtH8 ITRgULiTh AR ValrReiFoRRE with the
overall tool shown to be cI]uit thi%f[' HenceI if tp%sa e .embodimegt descrihed in ?§§,175,420 atent
was to bd UpPTEd 810 I8 E%)eﬁ iAo RIM o R TR 1R AL fﬁ'%zﬁ\/fé%dr CSBERES G 1PN SRSincrease
the over ' s of ing. v [ : o ' 1 2

proposeg'l%uhan\é‘i: r%lg[ %ﬁrﬁﬁcﬁﬁ%ép yéﬂ@g é\lgr%ﬁﬁ\aﬁebé%%ggg& ?rr?sﬁg%ggﬁcﬁﬁgéﬁg%gul ?ﬁ)ﬁt geg]é%ﬁ%lpriate for
a two (2)dayexsmidrineariiseuonidl snamnariheédbe ArdzewHsibesrme particularly large, hence
reducing the possibility of using small pitching between the products especially in a two (2) layer mold
with multi-cavities tooling. Hence the possibility of implementing the embodiment described in US
7,175,420 patent on a two (2) layer mold would result in a thick tooling, making it incompatible to use with
majority dhergfriardhedmnrfitaseaveiiartingectiohrwiorlingstaatRinedprande sy adiystesine fivention
disclosed can independently adjust and control the flow-rate and pressure for the molten plastic melt with

the addelPE0FAAtRERS BB TARY K IBGd BEIGTHBR A RGN NS AR HY IS SY T hiBRYIS Bt all
sequenti%l, tack o .tmulti-lﬂ}/%f' motld WithI é’nHIti-. aviti(?s. Inf.ﬁdditiﬁnﬁ., the é)reser‘} inveption tisclosted
eIiminates'?ﬁgrn uea(;I for 5 Sens rasryss{g%sﬁcew f&sugil%%lé:gfei coh rbﬁleé?ﬁ%ﬁ esﬁ)ro(\)/f(firr]ltf; rader

response AV AR BN % ERRIS IMBIRRKEEHLGHESIER AISCRSEAMING BEsE UlRYGREPBiSoRRAler and

compact as compared to Babin's US 7,175,420, hence making it cheaper and less expensive to fabricate
the moldirHearendogpemaaing paresihtiesssiems @ draansodeskeriprd hatereanpeasibscersrol and
vary flow-rate of the molten plastic melt into the mold cavity, be it a standard mold or sequential, stack or
multi-layéremgleigtina®oime might even be capable of compensating for pressure drop changes. However
it is not easy to balance the flow-rate and pressure drop at the same time for a particular injection mold
shot, especially in molds with at least two (2) or more parting layer, e.g. in sequential mold, stack mold,
multi-layer molds, etc. and for moldin%; complex nonidentical plastigc}ﬁ)zrts. In addition, most of the systems

and desidfRU PSR EAESIBRS AN RS AE RS JRCRRRth A P B N ¥ P ISR ARECEBP. hence
king it difficul intaj I ting th I [ I t. M
making i ﬁjé Wféﬂ é E%\mjll\@g%?%%E?%&%%}peagkvgl\\//g%%ggc ing the valve pin replacemen oreover

most of these design
Some representatives examples of such prior art designs for valve gates or valve pins are
disclosed. Examples are US Patent Nos. 4,244,909; 5,478,230; 6,632,079; 6,884,961,

7,192,268 and 7,175,420.
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in the prior art tend to be too big when fabricated, given the limitations of the daylight in any injection
molding machine, hence having an impact on the overall mold or tooling costs. The present invention
serves to(m%giﬁpggé If from the rest in the prior art with the provision of solutions that could either be
gears-driven or slider-driven. Gears-Driven By providing two (2) independently controlled back-to-back

in-line aragsmans of tareagedivalye:piasemtiedioatinghalf ohdnermmidivithin toe aerlmausigm, with
the actuator being the worm drive consisting of worm wheel driving the worm gear which in turn rotates
the threadesistingpof af tladyve ajate porsitevitht tire \watmreny enptivaedel inyadigppent saitvarmtliaesalmeotors,
whereby the worm gears are internally-located within the nozzle of the injection molding machine and the
control pardeniaeatedrat doRBREING yeasepdiate Whirkpepdenisalee Jatanb e oPRel-ty8a5Hh Valke referred
to herein as an Independent Tool Controller (ITC), which may be readily attached to and readily removed

from the ARFdiMG R HI SbRARTRIENY/EI (05 aRP g didiRaRISHAL B rithen BYRraddiy i)

ind dentl lled, back-to- in-li f -th I [ he flpating half
el R e T

!
of the mold W e nozzle system, with each non

connecteghigeathangH MePiRCHARBE Y aRAT drvaiiiatift Gannesieddp&ines senBelirdRAT ghaervo
motors. Similarly, the control parameters are controlled by a separate, independent, self-contained control

system alsgveefgresdinaiseremsszoaratsdspendootolany Gpsiroligul(Tésavhichinay beaeaidiyvaitached to
and readily removed from the molding machine, tool/mold and/or auxiliary equipment. 14 (2MBN SBHR
SG) Advantagesble adjustment or control. Our present invention disclosed is able to independently

adjust and vary the opening and closing of the valve gates, hence offering better control in

molding at least two (2) different non-identical plastic parts with complex and intricate shapes

and sizes.

McGrevy’s US 5,478,230 discloses a manifold system with multiple passages and its
associated pistons with valve gates in a back-to-back in-line relationship, with the system
designed to prevent fluid leakage when the whole manifold is heated up. The valve gates are
either 100% fully open or fully close during the operation. With reference to the Bernoulli’s
Principle explained in the previous paragraphs, the embodiment in US 5,478,230 will not be
able to independently adjust and control the flow-rate and pressure. Moreover, the flow of the
molten plastic is transferred from an inlet to a plurality of passages leading to the valve gates,
rather than flowing in a uni-directional single manner towards the valve gates directly as
described in the present invention. This present invention disclosed consists of valve gates
arranged in a back-to-back in-line arrangement with the flow of the molten plastic melt flowing
directly to the valve gates. In addition, the present invention is able to independently adjust and
vary opening and closing of the valve gates, hence offering better control in molding at least two

(2) different non-identical plastic parts with complex and intricate shapes and sizes.
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The present invention serves to differentiate itself from the prior art in the following manner: (a) The
present invention disclosed here serves to adjust angpcontrol the flow-rate of the molten plastic while
keeping @?ABW%@P@{%@FH like pressure to be conStant, or vice-versa, especially during the filling phase
of the molten plastic melt into the cavity. It is a form of dynamic control cum adjustment without the need
to rely oregitrmAleseNSOrs, cB2R0PLEpaINYRIHIsHR disclasen Hieuspsefmt heasigadThylralcobéwer(2) valve
gates, which can be gears-driven or slider-driven to accurately control the amount of opening or closing of
the valvesgates, heanibldnfendisfrihgingoni2ievalviejgetes tam xaichdegpetiate niyidiontnodiednéntdang so,
the flow-rate parameter is being treated as to be fully dynamic rather than static based on a predefined
opening MKakYoch aaiermaadingyEh ML LESRHEIIBIONM KEY S thare fsepniRtal SWn Hensthcely idmic

control operates would be described in the later gara%éagéh_s_under "Descrriftion of the Preferred E m bod i
me nt". (5}’%8%%%?&%@rﬁﬂbfﬁ‘?fu‘éért?éec&'i”fé‘%le LRSSl SYRER B QUoRHES 9RIeT WL BICRIR,

cymaimic sonirel s WOuI ea 26 0 delppra g cendlion ap eaedpiaeisan sl

C
the moldlr}/g parameters w-raté, pressure, etc, the for IC control proposed 1n the present

inventionyguiebbe ADIGith NAXEfARIRN {PSRANBRIAGMIRAIBELA8I0E BRNSRErSITHallpolRBIRY slsctronic
components, the sensor will typically have a tolerance approximately +/- 5%. Another point to note is that

the respangestivgsafatdpeatsenser asmaetl @sithe egponsezigne-piibeeeonicolegaiecbathdiksictiand hence
the response time to adjust the parameters might not be as rapid especially at a particular short notice.
Besides, systgriodigtissesk iofIhevastivefsbits61632t512 would betbaticdiytiexéyrotttealaajcapsobibin
associated with the use of sensors. Coupled with the fact that the sensors will be subjected to

heavy-usBgking. & diffigyite REIDRIRMEALC S IAR IR GG ThshR9st AL BV RIRPIRISHTR MRYSE®Bntribute
to | ffici in th t I jod. (c) Th ti ti b d
partioulat TS HOIS e B 2B o B3) DS T2 G O PR A BESEr e thot.
rurner magioantust sl et 0 Mol hUASYAZN IMEREIERERGD erdealpiasts paus (-

with more than 50% difference in weight or form) at any one time via a single injection s e proposed

embodimaicinttitR e stk iR e KRl endnes BaeeHAte caBHBlyarskad)ystaaaiionl theénieion
molding parameters between the different layers of the molds especially flow-rate and pressure to each

mold caviiiy fierdeecpupttiahdstaekd otorhdtidpizee dattity useldvihad ceeld oty thseithatesbgusstal in
simultaneous or alternate motion. (d) Without the need for a hot runner manifold at the floating layer of the
mold, thi®iRieutd replaaetibe wrdvproiposedcenisoehsitatir dorbeimmahbpiesk MUnPESRRIN iRvEdtRact.
Hence, this would mean that the proposed invention described here is able to fit existing injection molding

machineS\HASHR B 415 AMERGE A0BiHRHPIY ALBRING Bblk:Ha08 ARIRBRUREABLREARMIMG hal
Injection- o ding AR ARHE COSIEEAC YR ChIeh RN LR ASRIINH AVBHRRIR AL NG Ak, the
present invention disclosed eliminates the need for a controller cum transducer system since it
is dynamically controlled, hence providing faster response as well as saving costs. The
embodiment described in our present invention would mean that maintenance and assembly
costs would be lower since the design is simpler to assemble and maintain. No sensors are
required in the present invention, with the dynamic action being mechanically actuated by the
motors (i.e. stepper, linear or servo) which are externally located, facilitating the user operator to

easily assemble and maintain.

Okamura et al's US 7,192,268 patent disclosed comprises of a manifold having a manifold

channel for receiving the molten pressurised plastic melt and delivering the molten plastic melt
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(e) The two (2) different actuating means (i.e. gears-driven and slider-driven) describe in the present
invention provides the option and flexibility for the user in different molding environments stipulated by
certain i N/?éf\iFéBﬂF@ag BN SBHR SG) BRIEF DESCRIPTION OF THE DRAWINGS The drawings
attached here are to aid in better understanding of the description of the invention here. The drawings are

not to scadeandAheychiielbs usaetfairmeralysidustratingoliteapsincipins ARl comes AB®d)asnention.
For better illustration of the present invention, the description of the invention will only be explained using

the operatioouot tofof(RY mérthvey haylers pdapiientieltmola. th evape resiaty aRdesonce jphid Bowileateoareat of
other molds like stack, multi-layer mold with multiple cavities, etc. To aid in the description of the
inventionNthe&ralyings pérlg presentdy Malalaned due (iGN daginayethetyeoniny vasiaipths,
which are Fowered by different actuators, i. e%gears -driven and slider-driven actuatin F? mechanlsm Figure

1 schem Aty SRSk Fariel 199bilh AfdHE MNP HPiehY ABSEIRghdR SHeUWRIfka Sl Fential
A T AT R
fnr 8t505r SSGW'Hé\?ééf iealin YRIFAbREHepREaL IR e MeHBGTRE DO B RRISW RIS 3R REWYETRF BYIStepper
. For a two (2) layer tool, one can implement another similar design in the reversed manner, but
this would mean that the size of the tool would be extremely massive, hence having the need to
use a bigger or extended injection-molding machine. Therefore, the system described in
Okamura et al’'s US 7,192,268 patent is suitable for single layer tool rather than two (2) parting
layer tool. Our present invention disclosed has the advantage of being able to be implemented
on a two-layer mold, especially on the floating half of the mold for either sequential, stack or
multi-layer mold with multi-cavities without the need of a manifold. In addition, the present
invention disclosed eliminates the need for a sensor system since it is dynamically controlled,
hence providing faster response as well as saving costs. Similarly, our present invention has a
much simpler and compact design, making it easier to assemble and maintain. Hence,

assembly and maintenance costs are lower as compared to Okamura et al's US 7,192,268

patent.

Babin’s US 7,175,420 patent discloses actuated valve gates within a manifold in which the
movements of the valve gates are independently actuated and can control the flow-rate and
pressure for each cavity via the use of controller-sensor system. Similarly, the embodiment
described in US 7,175,420 patent is almost as difficult to be implemented on a two (2) parting
layer mold. The embodiment described in US 7,175,420 patent is for single layer tooling with
two (2) valves in-line with the overall tool shown to be quite thick. Hence if the same

embodiment described in US 7,175,420 patent was to be applied on a two (2) parting layer tool,
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Figure 3a schematically illustrates a detailed cross section of the threaded valve pins system in position
inside a fixed half and floating half of a sequential mg&d. Figure 3b schematically illustrates a detailed
Cross squ’%,qugp@@%?hreaded valve pins system’in position inside a fixed half and floating half of a
sequential mold. 17 (2MBN SBHR SG) Figure 4a schematically illustrates a new detailed cross section of

the threagegburiMBdpiASeWChBIgN it snsrahanisal {grtisigatisve} aseashobliptbritalvedpiisdsyistem.
Figure 4b schematically illustrates a new detailed cross section of the non-threaded valve pins, which

highlight tH2 friethaPicpa(glitpiopssedtieiMig rnahainsid s/ sivstgin. stigates Shrdtistiaseteahegoaataetric
view of the worm drive featuring the worm gear and worm wheel for a threaded valve pin. Figure 5b

illustrated Bigrigowdrnetrkevadrrertate Jeapdiige(fadaysndgnald aingeldipinard rder furtdheoRosrieaded

valve pin.
P would become particularly large, hence reducing the possibility of using small pitching between

the products especially in a two (2) layer mold with multi-cavities tooling. Hence the possibility of
implementing the embodiment described in US 7,175,420 patent on a two (2) layer mold would
result in a thick tooling, making it incompatible to use with majority of standard daylight
conventional injection molding machine. However, our present invention disclosed can
independently adjust and control the flow-rate and pressure for the molten plastic melt with the
added advantage of being able to be implemented on the floating half of the mold for either
sequential, stack or multi-layer mold with multi-cavities. In addition, the present invention
disclosed eliminates the need for a sensor system since it is dynamically controlled, hence
providing faster response as well as saving costs. Moreover, the design disclosed in the
present invention is smaller and compact as compared to Babin’s US 7,175,420, hence making

it cheaper and less expensive to fabricate the mold.

Hence, to summarise, most of the systems and designs described here can easily control and
vary flow-rate of the molten plastic melt into the mold cavity, be it a standard mold or sequential,
stack or multi-layer mold etc. Some might even be capable of compensating for pressure drop
changes. However it is not easy to balance the flow-rate and pressure drop at the same time
for a particular injection mold shot, especially in molds with at least two (2) or more parting
layer, e.g. in sequential mold, stack mold, multi-layer molds, etc. and for molding complex non-
identical plastic parts. In addition, most of the systems and designs described in the prior art
required sensors which are embedded deep inside the tool, hence making it difficult to maintain

and assemble back, even affecting the valve pin replacement. Moreover most of these designs
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Figure 6 schematically illustrates a basic approach concerning the independent and possible positions of
each threaded valve pins during operation. Figure 7i'gustrates a detailed 3D cross sectional view of two
threaded ¥piug, gi@,g'&e\g%rring to the rules and conditions during different phases of operation. Figure 8

. ( ) . : ) e .
illustrates the mechanical aspect of the sizes of the gate, which are derived from a simplified equation.

Figure 9 phwsphiewhecsices seieovayelgiensaivieatsy, thivdnjecdiamitaalsismmashiagivilil affasy the final
user interface in the independent tool controller. (2MBN SBHR SG) Reference numbers 1Hot nozzle
laNozzleiBjedion molding machine, hence having an impact on the overall mold or tooling costs.

The present invention serves to differentiate itself from the rest in the prior art with the provision

of solutions that could either be gears-driven or slider-driven.

Gears-Driven

By providing two (2) independently controlled back-to-back in-line arrangement of threaded
valve pins on the floating half of the mold within the nozzle system, with the actuator being the
worm drive consisting of worm wheel driving the worm gear which in turn rotates the threaded
portion of the valve pins, with the worm drive powered by stepper, servo or linear motors,
whereby the worm gears are internally-located within the nozzle of the injection molding
machine and the control parameters are controlled by a separate, independent, self-contained
control system, also referred to herein as an Independent Tool Controller (ITC), which may be
readily attached to and readily removed from the molding machine, tool/mold and/or auxiliary

equipment.

Slider-Driven

By providing two (2) independently controlled back-to-back in-line arrangement of non-
threaded valve pins on the floating half of the mold within the nozzle system, with each non-
threaded valve pin actuated by a slider that is connected to an angular pin actuated by gear
drive that in connected to either stepper, linear or servo motors. Similarly, the control
parameters are controlled by a separate, independent, self-contained control system also
referred to herein, as an Independent Tool Controller (ITC), which may be readily attached to

and readily removed from the molding machine, tool/mold and/or auxiliary equipment.
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2Hot nozzle 2aNozzle Body 2bNozzle Body 3Stepper Motor 4aStepper Motor 4bStepper Motor 5alnput
side (Parting Line A) 5binput side (Parting Line B) 6<"ithutput side (Parting Line A)

(2MBN SBHR SG)

Advantages

The present invention serves to differentiate itself from the prior art in the following manner:

(&) The present invention disclosed here serves to adjust and control the flow-rate of the

molten plastic while keeping the other parameter like pressure to be constant, or vice-
versa, especially during the filling phase of the molten plastic melt into the cavity. It is a
form of dynamic control cum adjustment without the need to rely on external sensors.
The present invention discloses the use of at least a minimum of two (2) valve gates,
which can be gears-driven or slider-driven to accurately control the amount of opening or
closing of the valve gates. The movement of the two (2) valve gates can be
independently controlled. In doing so, the flow-rate parameter is being treated as to be
fully dynamic rather than static based on a predefined opening linked to a command
given by a controller linked to the sensor. Details on how the dynamic control operates
would be described in the later paragraphs under “Description of the Preferred

Embodiment”.

(b) The present invention disclosed here eliminates the need for the use of a sensor. For a
dynamic control, this would mean that under certain molding conditions that require
precision control in the molding parameters like flow-rate, pressure, etc, the form of
dynamic control proposed in the present invention would be able to have a faster
response compared to using sensor. Similarly, to any electronic components, the sensor
will typically have a tolerance approximately +/- 5%. Another point to note is that the
response times for the sensor as well as the response time of the controller are both
linked and hence the response time to adjust the parameters might not be as rapid
especially at a particular short notice. Besides, over long usage of the use of sensors,
there could potentially be some leakage problem associated with the use of sensors.

Coupled with the fact that the sensors will be subjected to heavy-usage (e.g. high
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6bOutput side (Parting Line B) 7Pre-Nozzle 8Heater 9aRunner Canal 9bOutput Stream (runner canal)
9cOutput Stream (runner canal) 10Independent Hea{gr 11 aRunner Canal 11 bRunner Canal

(2MBN SBHR SG)
temperature, dirt, etc.); it might contribute to lower efficiency in the use of the sensor

over long period.

(c) The present invention can be used particularly for sequential mold with at least two (2)
parting layers, with or without the need for a hot runner manifold and yet still be able to
mold at least two (2) independent non-identical plastic parts (i.e. with more than 50%
difference in weight or form) at any one time via a single injection shot. The proposed
embodiment in the present invention enables more accurate control and adjustment of
the injection molding parameters between the different layers of the molds especially
flow-rate and pressure to each mold cavity for sequential, stack or multi-layer cavity

mold that could move in either sequential, simultaneous or alternate motion.

(d) Without the need for a hot runner manifold at the floating layer of the mold, this would
mean that the proposed embodiment described in the present invention is compact.
Hence, this would mean that the proposed invention described here is able to fit existing
injection molding machines with limited daylight, thus avoiding the need to purchase
another extended daylight injection-molding machine if one were to use other potential

designs available in the market.
(e) The two (2) different actuating means (i.e. gears-driven and slider-driven) describe in the

present invention provides the option and flexibility for the user in different molding

environments stipulated by certain industries.
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12Threaded Valve Pin 13Threaded Valve Pin 14aRunner Canal 14bRunner Canal 15Heater 16Heater
17aRunner Canal 17bRunner Canal 18Threaded Va{ge Pin

(2MBN SBHR SG)

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings attached here are to aid in better understanding of the description of the invention
here. The drawings are not to scale and they are to be used for merely illustrating the principles
and concepts of the invention. For better illustration of the present invention, the description of
the invention will only be explained using the operation of two (2) parting layers sequential mold.
The operation and concept is similar to that of other molds like stack, multi-layer mold with

multiple cavities, etc.

To aid in the description of the invention, the drawings being presented here are essentially for
the design of the two (2) valve pins, which are powered by different actuators, i.e. gears-driven

and slider-driven actuating mechanism.

Figure 1 schematically illustrates the partial section of the fixed half and floating half of a
simplified sequential tool including a hot nozzle system controlled by stepper motors and

powered by an Independent Tool Controller.
Figure 2 schematically illustrates the integration of an internal threaded valve pin system in a
cross-sectional view of a typical sequential tool including the worm gears, which are powered by

stepper motors.

Figure 3a schematically illustrates a detailed cross section of the threaded valve pins system in

position inside a fixed half and floating half of a sequential mold.

Figure 3b schematically illustrates a detailed cross section of the non-threaded valve pins

system in position inside a fixed half and floating half of a sequential mold.
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19Worm Wheel 20Worm Wheel 21Circular Area 19 (2MBN SBHR SG) 22Worm Gear 23Gear 24Gear

17
(2MBN SBHR SG)

Figure 4a schematically illustrates a new detailed cross section of the threaded valve pins,

which highlight the mechanical (articulation) aspect of both valve pins system.

Figure 4b schematically illustrates a new detailed cross section of the non-threaded valve pins,

which highlight the mechanical (slide) aspect of both valve pins system.

Figure 5a illustrates a trigonometric view of the worm drive featuring the worm gear and worm

wheel for a threaded valve pin.

Figure 5b illustrates a trigonometric view of the gear drive featuring the angular pin and slider

for a non-threaded valve pin.

Figure 6 schematically illustrates a basic approach concerning the independent and possible

positions of each threaded valve pins during operation.

Figure 7 illustrates a detailed 3D cross sectional view of two threaded valve pins referring to the

rules and conditions during different phases of operation.

Figure 8 illustrates the mechanical aspect of the sizes of the gate, which are derived from a

simplified equation.

Figure 9 shows how the successive waveforms given by the injection-molding machine will

affect the final user interface in the independent tool controller.
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25Worm Gear 26Threads (for Valve Pin 18) 27Circular Area 28Threads (for Valve Pin 13) 29Stroke A
30Stroke B 40Fixed Half of Sequential Mold 50Float£%g Half of Sequential Mold 60Independent Tool

Controllefygn sBHR sG)

Reference numbers

1 Hot nozzle

la Nozzle Body

2 Hot nozzle

2a Nozzle Body

2b Nozzle Body

3 Stepper Motor

4a Stepper Motor

4b Stepper Motor

5a Input side (Parting Line A)

5b Input side (Parting Line B)

6a Output side (Parting Line A)

6b Output side (Parting Line B)
Pre-Nozzle

8 Heater

9a Runner Canal

9b Output Stream (runner canal)

9c Output Stream (runner canal)

10 Independent Heater

1lla Runner Canal

11b Runner Canal

12 Threaded Valve Pin

13 Threaded Valve Pin

1l4a Runner Canal

14b Runner Canal

15 Heater

16 Heater

17a Runner Canal

17b Runner Canal

18 Threaded Valve Pin

19 Worm Wheel

20 Worm Wheel

21 Circular Area
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61User Interface Control Panel 70Graphical Plot (from standard conventional injection molding machine)
71Curve 72Curve 73Curve 74Area within curve 76Parameter settings for "Machine" 77Parameter settings
for moldiw'gﬁg@gd_g@)#' 78Parameter settings for molding "Parting Line B"

22 Worm Gear

23 Gear

24 Gear

25 Worm Gear

26 Threads (for Valve Pin 18)

27 Circular Area

28 Threads (for Valve Pin 13)

29 Stroke A

30 Stroke B

40 Fixed Half of Sequential Mold

50 Floating Half of Sequential Mold
60 Independent Tool Controller

61 User Interface Control Panel

70 Graphical Plot (from standard conventional injection molding machine)
71 Curve

72 Curve

73 Curve

74 Area within curve

76 Parameter settings for “Machine”
77 Parameter settings for molding “Parting Line A”
78 Parameter settings for molding “Parting Line B”
100 Simplified sequential tool

101 Cavity

102 Core

103 Cavity

104 Core

113 Non-Threaded Valve Pin

118 Non-Threaded Valve Pin

119 Gear Drive

120 Hot Tip

122 Chamber

123 Slider

124 Slider

126 Angular Pin
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100Simplified sequential tool 101Cavity 102Core 103Cavity 104Core 113Non-Threaded Valve Pin
118Non-Threaded Valve Pin 119Gear Drive 120Hot2Bip

(2MBN SBHR SG)

127 Gear Drive
128 Angular Pin
130 Hot Tip

131 Final Gate
132 Chamber
133 Surface of valve pin
140 Canal Gate
141 Canal Gate
170 Canal Gate
171 Canal Gate
180 Hot Tip

181 Final Gate
182 Chamber
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122Chamber 123Slider 124Slider 126Angular Pin (2MBN SBHR SG) 127Gear Drive 128Angular Pin
130Hot Tip

(2MBN SBHR SG)

21

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE PRESENT
INVENTION

In the following description, stage-by-stage, details are provided to describe the embodiment of
the application. Starting from the most basic approach of the concept to the most detailed and
juicy information, this description will be apparent not only to a skilled person but also to a
novice operator in understanding why such nozzles are absolutely essential in the plastic

industry.

Some parts of the embodiments, which are shown in the Figures below, have similar parts. The
similar parts have the same names or similar part numbers. The description of one similar part
also applies by reference to another similar part, where appropriate, thereby reducing repetition

of text without limiting the disclosure.

The description of the invention will only be explained using the operation of a two (2) parting
layers sequential mold as the principle of producing plastic parts in a sequential mold is
essentially similar to that of other mold with at least two (2) parting layers like stack mold, multi-
layer cavity mold, etc. The difference would be the output of the parts produced, depending on

the number of cavities available.

Figures 1, 2, 3a, 4a, and 5a are referring to the rule and functions of each components

included inside a threaded valve pin hot nozzle based on a sequential tooling, and an

independent tool controller connected to a conventional injection-molding machine.
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131Final Gate 132Chamber 133Surface of valve pin 140Canal Gate 141Canal Gate 170Canal Gate
171Canal Gate 180Hot Tip 181Final Gate 29

(2MBN SBHR SG)
Figures 3b, 4b, and 5b are referring to the rule and functions of each components included
inside a non-threaded valve pin hot nozzle based on a sequential tooling, and an independent

tool controller connected to a conventional injection-molding machine.

Figure 6 to 8 are referring to the accurate control and movement required by the threaded valve
pin system and are illustrating the mechanical as well as the mathematical aspect of the

invention.

Figure 9 integrates the final step of the development stipulating the fundamental relationship
between a conventional injection machine and an independent tool controller via the minimum
input, addressable by a novice operator. These data will be the only human intervention inside

the process simplifying the control of the threaded valve pins.
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182Chamber 21 (2MBN SBHR SG) DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
OF THE PRESENT INVENTION In the following desZ iption, stage-by-stage, details are provided to
describe thesmbag; of the application. Starting from the most basic approach of the concept to the
most detailed and juicy information, this description will be apparent not only to a skilled person but also
to a novice operator in understanding why such nozzles are absolutely essential in the plastic industry.

Some pagsHttheieenbodignents; axbish vae shawndsige Figures below, have similar parts. The similar
parts have the same names or similar part numbers. The description of one similar part also applies by

referencerf aesRf FVRIARDRH WIS AP IIERIREE u lRese YR ABRRD FEREYENR %ww&r%ggmting the
disclosure. The description of the invention will only be explained using the operation of a two (2) parting
layers seqpoentialwnidt asdbeeprn@placaigpreadcingplastiggeans warseqeantiahmoaid isiepsigntiadly similar
to that of other mold with at least two (2) parting layers like stack mold, multi-layer cavity mold, etc. The
differenceanoeftidieh¢iwenine afatie geats prddoeddreddpevaivg Rin raiedriisidteothedtieszalailable.
Figures 1, 2, 3a, 4a, and 5a are referring to the rule and functions of each components included inside a
threaded valve pin hot nozzle based on a sequential tooling, and an independent tool controller

Connectelglég rae Og%eermgtri]c%{llwﬁ%lt?a é@%%'%%rﬂgf‘csgg%n view of a simplified sequential tool 100 with

the fixed half denoted as 40 and floating half as 50. This schematic view shows us a hot nozzle
system with the hot nozzle 1 controlled by the stepper motor 3, and the back to back hot nozzle
system 2 controlled by stepper motors 4a and 4b. Each stepper motor is powered separately by
an Independent Tool Controller 60 in which the control panel necessary for the end user to input
the data is denoted as 61. As illustrated in this Figure 1, it will be important to note the

homogeneity and simplicity of the system, given a full and independent control of each nozzle 1

and 2 without any relation with other components such as sensors or limit switches.

Figure 2 schematically illustrates the detailed integration of the previously defined hot nozzle
system 1 and 2 as well as its respective stepper motors 3, 4a and 4b inside the full section of a
typical sequential tool 100. The parting line A is defined by its cavity 101 and core 102, and
parting line B is defined by its cavity 103 and core 104. It is important to note that inside the
fixed half side of the tool denoted as 40, nozzle 1 is elongated from the previous Figure 1
depending of the design of tool. The independent heater 10 is coiled along the body la of the
nozzle 1 and the separated pre-nozzle 7 warmed by its own heater 8. On the same fixed half
side 40, we can see that the worm wheel 3a is powered by the stepper motor 3 in controlling the
movement of the threaded valve pin 12, such that it will be able to open and close in order to

control the flow and/or the pressure of molten plastic resin at the parting line A.
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22 (2MBN SBHR SG) Figures 3b, 4b, and 5b are referring to the rule and functions of each components
included inside a non-threaded valve pin hot nozzle Ej\sed on a sequential tooling, and an independent
tool contr, Nﬁé,\@@@ﬁﬁg@g)to a conventional injection-molding machine. Figure 6 to 8 are referring to the
accurate control and movement required by the threaded valve pin system and are illustrating the

mechanicai asenvelhasgtRimatiesraiitad 28Pso! aetharinentiogethigdroidinsegnateadkedipatrtre: of the
development stipulating the fundamental relationship between a conventional injection machine and an

independerizeclystartr@liehigia thenpniseshaihthie mo zel doelys2d b2 aoyiteio pespeotive eseedatid will be
the only human intervention inside the process simplifying the control of the threaded valve pins. 23
(2MBN SBYRE&d)Yis important to note that the actuator system comprised of the stepper motors 4a and

4b and the worm wheels 19 and 20, activating their respective threaded valve pins 13 and 18.

This will in turn control the pressure and/or the flow of the molten plastic resin on the parting line

B. Moreover in Figure 2, it is important to note that the final assembly inside the tool is

particularly simple. All the actuators system which consists of an externally-mounted motor and

a worm gear could be easily dismantle for exchange or maintenance without any intervention on

the tool itself. Similarly hot nozzles system defined as 1 and 2 could be easily dismantled from

the tool without much difficulty.

Figure 3a schematically illustrates a section view of the threaded valve pins’ system in position
inside a fixed half 40 with parting line A and floating half 50 with parting line B. During the initial
injection phase of the plastic molding operation, molten plastic is being injected at the pre-
nozzle 7 side at a pre-determined injection pressure, flow-rate and temperature flowing through
the runner canal 9a with one input stream being split into two output streams 9b and 9c. The
temperature of the molten plastic is being maintained via pre-heater 8 in the form of heater
bands located around pre-nozzle 7. The pre-determined injection pressure varies depending on
the type and configuration of the plastic part to be molded, as it will affect the dimensions,
weight, sinks, voids, warpage and other part properties. Runner canal 9b and 9c is joined to
runner canal 11a and 11b included inside the body 1a that is heated by its independent heater
10. On the fixed half side 40, the threaded valve pin 12 is in an open position with the molten
plastic melt passing through along the nozzle and finishing its way at the center of the hot tip
120. At the extreme end of the threaded valve pin 12, we can see that both runners 11a and
11b converge inside the chamber 122. On the floating half side 50, it illustrates the hot tip 130

receiving the molten plastic melt from chamber 122 of the hot tip 120, with the molten plastic
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Gears-Driven Only - Threaded Valve Pin Design The present invention highlights the possible use of a
combination of gears drive and stepper motors, which include a particular and internal type of worm gear
that will si i,(yégﬂrg%rt%ection between the worm gears and the threaded valve pin located inside the hot
nozzle. Figure 1 schematically illustrates the partial section view of a simplified sequential tool 100 with
the fixed malf dlenpigd ey aadioating R decabed hiarcppmatige iaw Ghovre U hotmoraasystem
with the hot nozzle 1 controlled by the stepper motor 3, and the back to back hot nozzle system 2
controlled 4y aveppéy mdtolsddiasaee Wb. tache stegp Qamisoi is paedt ie d-gpparadte thbyaméndepehdent
Tool Controller 60 in which the control panel necessary for the end user to input the data is denoted as
61. As illddaared kHeherrplire"o MRiIBTRAMTBRGATEINRE WMEHDMBYR ABRFEAGIRIBACRS BINMRY system,

given a full and independent control of each nozzle 1 and 2 without any relation with other components

such as $EN8LY BAifhit SVREHECHIRITE 'S eriamatly ARuda RS HrE fephilin WRBYERIRbYhE
previously. define n : m 1 and 2 as well as its re Ve to 4b inside
the full s ﬁ%?o?%%;%ié%ﬁ%&%%ﬁ%%ﬁ? ﬁ%t%%%ﬁﬁé&qmegfﬂb éﬁﬁ%e%gﬁgélﬁsﬁ%zﬁﬁ?fﬂ%a aqr’l(%lscore
102, and\paitingting Bds @efipgady i A%Gﬁcy#)éﬂ&%ﬁ cofiRetOfrdlderinRRANS IR st inside; the
fixed half side of the tool denoted as 40, nozzle 1 is elongated from the previous Figure 1 depending of
the desiginoad thel bahel iotigpessieriieaieinléipaaadniengthaseedyoladbthebrozz ladjusnsuidrea
separated pre-nozzle 7 warmed by its own heater 8. On the same fixed half side 40, we can see that the
worm whekeis3ures \widvirethel hyzihe isodpder andtooZzie botias Haguide2mduatoivgt s, the tigebaledwidlve pin
12, such that it will be able to open and close in order to control the flow and/or the pressure of molten

plastic reSirPERSFE DEREY RRARPIES @NBRASBH NS @) T PRIIKALIRG Raf it indisee s HdhGe can
see a detailed view of the back to back hot nozzle system 2 which comprises. of the npzzle body 2a and
2t anc 1B e EANE HRSH v 08 BAPEET: SE HTHBPEIe B W58 T A 8o pR i dEiifocd of
the step r ng. 4 : rm: I 0, activatir i re ' r d valve
pins 13 S g e e A e L
parting lingRoMospaviesHndeigid® gidsie ipapartanbie npigdfiakibe fiRirsaRmp énsidestheatnslds
particularly simple. All the actuators system which consists of an externally-mounted motor and a worm
gear couldrreeesiyl ditarsamntle7io ndkitieange cergeawite niee oeidthplas anyn st @nsemjiagaom itisidtotidtself.
Similarly hot nozzles system defined as 1 and 2 could be easily dismantled from the tool without much

difficulty. frigiure Ba &L iaéigticalie o tRadioh e dfbnie e oigiathre bl devalokepimia s terigindosition
inside a fixed half 40 with partiélgrline A and floating half 50 with parting line B. During the initial injection

phase of VRS YIRJIGRIG S Jerali8romuitich plasities BEMgdrficten EiRezplensies?s anfbad a

pre-determined injection pressure, flow-rate and temperatuye, flowing thro th nner canal 9a with
e input DR OGRS G o B ] G FARS S Seirg P e P Riastc s

being maipfajngd vigdy& eI JP dBriR6IE97ED Ot RALBhPANEMEACALgh@round pre-nozzle 7. The

pre-determined injection pressure varies depending on the type and configuration of the plastic part to be
molded, as it will affect the dimensions, weight, sinks, voids, warpage and other part properties. Runner
canal 9b and 9c is joined to runner canal ha and 11 b included inside the body la that is heated by its
independegthedieistiie@atitadyfidest fatdssidecdO ddta| Hor eantedseation min the threrdadop@neppisitidd with the
molten plastic melt passing through along the nozzle and finishing its way at the center of the hot tip 120.
At the ex@einBenhieh tighlileiadbe Werkapisal 2SRRSI4NgeR WoAMHERAN A Reryaen dhenworm wveeaherge
inside the chamber 122. On the floating half side 50, it illustrates the hot ti%130 receiving the molten

plastic méft ASEhERB S22 B HENDEHY Y58 it SACRENPYSSRE EORIBRRIHFANOM gear

25 between the worm wheel 20 and the gear 24 for the threaded valve pin 18. The two
advantages of this gear system are, firstly, to drive both threaded valve pins 13 and 18
independently and secondly, to create the primary step of the final torque necessary to finely
adjust the potential power and accuracy requested by the system. The ratios between the gears

will transmit the power and accuracy, associated with a comfortable speed giving a final smooth
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25 (2MBN SBHR SG) melt flowing along the extremity of the threaded valve pin 13 via the chamber 132
to the runner 14a and 14b included inside the nozzl gody 2a. As illustrated in Figure 3a, the runner canal
14a and 8Pl kpg two streams and are joined with the two streams denoted as runner canal 17a
and 17b included inside the nozzle body 2b. The presence of the two threaded valve pins 13 and 18 is
moving bagkstardteiote ereh @iheibpad spmberdisirpProdensideaniepie gindnis wadldaneaoraatder a given
injection shot using a fixed pre-determined injection pressure set from the barrel of the conventional
injection thactuied stotiars26 \wodii28he/iasiblevidl adjustestiehsérgre gsanel witbike teeratetbdso?ly dadAd nozzle
bodies 2a and 2b. In doing so, the right amount of pressure could be applied onto parting line A and

parting lif@SBestYRY fibhesR) HEares @ aneId8 Wb iasariel¢rsseselPORts Gliviontomaeasaiesent

invention_ is able to provide %lamic_control for adjustin gj{i)arameters like flow-rate and

the injection
pressure @ AWIGESAHRIEL ﬁgﬁq&?&%%ﬂ”ﬁﬁdgﬁe%'&'ﬁ%.%@ﬁ% BHERARIAg IS teE o

strears of Lnogh Al A Ad b LI coRNeIge b Jog mglterhelaslie nel g, Aoy inside

the cham atthe Center o ot tip he temperature of the molten plastic is being maintained

via heatessplmigfih11aviet aFe theilerarauark Jaetvadg ) noggirBoshamg ac ik iethigeiraion

parameters to control such movement of the valve pins 13 and 18 would be preset at the independent tool
controllese8liag thigiegatplssine baukalow. drigiuisivg siahemaliealiydbustreses at nawtdelaiteteaross section
of the threaded valve pins 13 and 18, which highlights the mechanical aspect using a worm gear 22
between tireinpontanteef Hditingl theepyesauns loendemindghih bativiny ohtvethesad dds/aleagynbé8rand
another worm gear 25 between the worm wheel 20 and the gear 24 for the threaded valve pin 18. The
two advameieded Mrvipralsyrienthe Saskaioustrhes bireHiRadRItPave pins 13 and 18 independently
and secondly, to create the primary step of the final torque necessary to finely adjust the potential power
and accuracy requested by the system. The ratios between the gears will transmit the power and

acetracy AssacalSg R SORIARIGSnBEAANR AIVRATANY LONFIREINTIANSS ENFNSEHR

SG) transl movement developed by the rotation of threa e pins I3 and 18 around their

threadedigecliomgeard28 2which Wl Ginaiesthe, SiokRirmad &Y it Bhdanpiadaried wide30ns

respectively. These threads 26 and 28 will allow a large tolerance of about 50p to compensate for any
dimensiond| idpesfectivnly dusnghowac ining praditots iglebi)ghe subteenénaroftitecthermaliesgiarisipn during
the heating phase of the nozzle. This extra tolerance will be compensated by a minimum tolerance on the
circular a?88/2 PRI €y b AteBPON Y t® 4hcraffddtiveharebyothecalinigafiXinteansoss e &ladiOfiéw or
drooling of the molten plastic resin. It has to be noted that the importance of Iimitie%géthe pressure loss due

to the batlifiBHPhENEHRERBAEE fREdR béen iddridHEEPPIBGINSy DFfesethieelhcRGYELRY Hfthe
][g‘éflj‘rtiir‘]’gv"viﬁ"r@%[‘e' HIWSRR NSRS GREFRPESINE Yo, LT Rt the M e Sl pegpanism
control the movement of the valve pins 13 and 18 respectively, thus preventing the molten
plastic from drooling out when the valve pin is fully closed with the help of circular sealing areas
21 and 27 as shown in Figure 4a. It will be interesting to note for Figure 4a and 5 that the worm
gears 22 and 25 uses a particular teeth design. Hence this provides the component with the
possibility to mesh with both gears 23 and 24 to be properly linked to the threaded valve pin 13
and 18, as well as to engage directly with the worm wheels 19 and 20 without the need for extra
gear as seen in other applications. This particular profile of teeth by the disclosed present
invention provides the possibility to be viable under this threaded form. Other similar

applications would require extra space, adding some restriction in term of the final size of the

nozzle end, thereby affecting the ability to match with any standard parts.
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the worm gears 22, 25 and worm wheels 19, 20 that interacts with the two threaded valve pins 13, 18
respectively. As shown in the previous Figures, the T})vement of the worm wheels 19, 20 are powered by
stepper Wﬁ éélﬁ'ﬂﬂ%ép whereby the turning of the worm wheels 19, 20 will in turn rotate the worm
gears 22, 25 via the intefconnecting "threaded teeth", which in turn will rotate the valve pin 13, 18 via the
gears 23, 24. This process will in turn regulate and control the movement of the valve pins 13 and 18
respectively, thus preventing the molten plastic from drooling out when the valve pin is fully closed with
the help dfgineuussbamagjcaibatisirated 27vasisapproachicurecaand hidl indeptndsningnid pageiier Figure
4a and 5 that the worm gears 22 and 25 uses a particular teeth design. Hence this provides the
componeMsiiengt prfsithirpdedniakie Witk Butngearsationidraly idigerere aifRAtREAVS BiéetRréaded

valve pin 13 and 18, as well as to with the worm wheels 19 and 20 without the need for

engage dijrectl
extra geal HEUQNS PP BIHLY @Bﬁ@ﬁfﬁw@%ﬂ@p RESHRPE MY PRSP B R RASK BEA Br ¥ Avention
provides the passibility to be viable under this thr form. Other similar lications require
extra spal%%ﬁ,]fﬁalgr% é%ﬁqu%gétﬁf @rﬁil S?ng earlat){ %fg ﬂ@ﬂfqnﬁa psél)gét::-ﬂg t%]eeglfj]%ﬁ%esgﬁg?ﬁérgﬁ%’ e%%cj:l?ha%%e ability
to match yith,aRY staneashasrs CANRIDENTIM: 27 (2Y1BBESREREMROMIAHR SEhematisals.
illustrates a basic approach concerning the independent and possible positions of each threaded valve
pins duripgsipeiraficiat Fiostlyh dzigeneodiures veestwardifiere op sifuatismensh PWFigrel)g £12) tiad thig 600,
concerning a hot nozzle back-to-back system, in which both situations are not referring to any particular
operatingrsgigneplestisucisiadlstep iniastbp MpetcTautitoray toetatimandshaeltenpissticeilastriow tratepossible
positions during a full process. Assuming that both nozzle bodies 2a and 2b are fully open as shown in
Fig 60), dndeaiaathethbra et @isherifrr itrd Hdnapeeas, tecdh b&idfmatied MAOREYRds%Ere and
flow-rate introﬂ%c{ d will be rl(?Lguivalent t the otper end of the noz IEﬁGa. This affirmation will be true if we

consider thE?P AigarattMPBtaESRh R FIaktie PAsHWSEE APBRSSRN RO B M oz 2le
body 2a ﬂ{bdr?&ﬂ?dprm Haeaﬂ&gab'%ﬁ@ ifh&*ﬂ‘ﬁ@%ﬁ Ht ‘Fo@H‘H‘MQ%FQ&%?:% s ?H{fﬂ‘ri GRYA b

considered as null. ast point will be to stipulate that the area of the resin canal will be constant at any

point of thiffaaRMP HEESAJSIBEICN &SRV ORI PHBRFUIR BOR atpRa Qa0 R AE S WRRE BSR-
However if we are considering the illustration shown in Fig 600, since parting line A is the first parting line

of the maldrial avily pic@losague rztizny plointhe thikceges rabregimnl2abrezre pasjpRBaprishecidsimg slowly
at gate A, from a fully open position to a fully closed position. Hence, at this moment with the input of the

molten pR8IRERiSthtategRaENVDAFSEBed, the pressure within the nozzle body 2a and 2b will no longer be
relative to the pressure from the injection barrel of a conventional injection molding machine. Instead, the
pressure within the nozzle body 2a and 2b will be associated with the pressure within the internal canal of

the nozzlﬁ bOd\Xarzﬁ and 2b. At this ﬁgzlbt of Itm‘{e there will be p.ﬁrzég@re drop across.the Ien%h ?ft e resin

canal inside {he nozvﬁlFe%gd:)(/) Q%de(frﬁ .eA'{ %ﬁersgé%g t%vé], the 4&d’ \C/%F;%rp')ri]rg Igea'tAn'?)zz e g%dy 2b

can be pﬁﬁ}ﬁﬂﬁj} RAREBrhEIAB 1 Legiiale DG AANLPHTA!ER: RREHEA SNt e stisshaw s dhgihe

movement of the two threaded valve pins are independently controlled of each other by the
will be closing slowly at gate A, from a fully open position to a fully closed position. Hence, at

this moment with the input of the molten plastic resin at gate A fully closed, the pressure within
the nozzle body 2a and 2b will no longer be relative to the pressure from the injection barrel of a
conventional injection molding machine. Instead, the pressure within the nozzle body 2a and 2b
will be associated with the pressure within the internal canal of the nozzle body 2a and 2b. At
this point of time, there will be pressure drop across the length of the resin canal inside the
nozzle body 2a and 2b. At the same time, the threaded valve pin 18 at nozzle body 2b can be
partially open or close to regulate the flow of molten plastic melt. Hence, this shows that the

movement of the two threaded valve pins are independently controlled of each other by the
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CONFIDENTIAL 28 (2MBN SBHR SG) independent tool controller 60 even though both of them are
moving in a back-to-back direction. The output flow-rate of the molten plastic melt will be relative to the
size of th&ﬂgmﬁt%?te B. Therefore, through the Use of the independent back-to-back valve pins
within the nozzle on the floating half of the mold, it will be clear that when gate A is re-open, gate B will at

this momaakpensdbiacte @ datromiBYIBVeRaasUR Willn brafiowdiatenbeingivalishie . Bibacikustangithe
position of the threaded valve pin 18. Thus, the phenomenon described in the preceding paragraph for

Figure 6 TolwgphefBernaalvtReinujien qoasiermied fidibeatelzive prabsaiedaf dreinpemipyesgiibte fluid.
This would also mean that a high flow-rate required at the output 6b would in turn require a high-pressure
at the inpgét Beereffeisiirayeniang decivhike dquianfiden dackdrByckurabie minteddiifetbd A9RAIE @lte would

be needed to mold out a good gié;gh-quali_t roduct at the parting line B of the mold. Hence, if the valve pin

13 at noZ2R Wotinghlall Shinsrodf dt e ALyl 5 feft {5 LH AR a S Bl BB molten
lasti It ing line B, Theref ith I | -t0-b | in,18,.
plastic m%&'gq%%tt%% E@é‘&e t Thaxi [{ﬁgﬁ?gs"g{}aeavﬁtﬁ%es Sr %Cgetlﬂg S‘g#;a\ﬁ?%,vp‘?éw%ust. CihLessure

and flow-rat the moiten plastic can e adjusted with either partidl or fu ning or ctosing of the

valve pingJk3ighdrkRdnsierandeatls fhaghieve good quality parts at parting line B. Figure 7 illustrates a
detailed 3D cross sectional view of an assembly of two back-to-back internal valve gate nozzles, including

the nozzlehedihd@netenmas ciadidritizdaspiestiveteding patugraprsidSFagnael 8 fardvalse iBeindan§ps 130
and 180. In addition, resulting from the 3D cross section, we can see the half diameters of the resin canal
14 and 1Praligpie ghrekrniobhiok da @nchipratng atfdodn hutdipsreSHiam HuiBOT Hgwm d(dl#lusteses a
partial close up view of the nozzle body 2a including the canal gate 140 and 141, the hot tip 130, which
compriseiitAd GRaliAeiRies e anirthatifal Qe 1EH e AHis B e W @ 2 ial strats iR 3UIEJPRY position

of the valve pin 13, where both canal gates 140 -
5b. RnISliS especially so |% ase uen%aill mold whereby sufficient pressure and flow-rate would be

needed to mold out a good high-quality product at the parting line B of the mold. Hence, if the
valve pin 13 at nozzle A is closed, the pressure at gate A could be moderated to enable a
sufficient flow of molten plastic melt into the parting line B. Therefore, with an adjustable back-
to-back valve pin 18, the pressure and flow-rate of the molten plastic can then be adjusted with
either partial or full opening or closing of the valve pins 13 and 18 independently, to achieve

good quality parts at parting line B.

Figure 7 illustrates a detailed 3D cross sectional view of an assembly of two back-to-back
internal valve gate nozzles, including the nozzle body denoted as 2a and 2b respectively, the
valve pins 13 and 18, and also both hot tips 130 and 180. In addition, resulting from the 3D
cross section, we can see the half diameters of the resin canal 14 and 17 aligning back to back

and terminating at both hot tips 130 and 180.

Figure 7(i) illustrates a partial close up view of the nozzle body 2a including the canal gate 140
and 141, the hot tip 130, which comprise of the chamber 132 and the final gate 131. On this

view, we can illustrate the fully open position of the valve pin 13, where both canal gates 140
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CONFIDENTIAL 29 (2MBN SBHR SG) and 141 leave the molten plastic resin free to flow. The rule of the
surface 133 is particularly important, of course the wear resulting from the flow of the resin can be limited
by using éﬁ%ﬂpgﬁﬂﬂ% surface of the valve pins, but a smart design of the chamfer will improve the
flow of the resin, decreasing the shear stress subsequently at the sensitive resin flow channel areas.

Figure 7Q(hshawsdsséhesessic nozaie hagly 28e toersalverpi dikasidrbe neddip 1530is pavatsiagy of

chamber 182 and the final gate 181. This time, we can illustrate that both canal gate 170 and 171 are
partially chogertahijeoft edlirbe ihportantresultng thienpdkédidnvofdhthealegmpicah8ostillrkigepibyg tsengral gate
181 fully open. The rule of the valve pin 18 during all the closing action is in fact particularly important;

any postwisganttitsrisiase ehtipnalegingilPHisasparnpiantefhaArapBesibik BBReVR] QY and

breakage. The correct way, will be to let the molten plastic resin free to flow at final gate 181 until the full
closing oP tHCERLY JEREPNY AR SIPR" BiEiHeSYARFINOWY 851R Friererib AR RaNeh ARG the

position of the valve pin 13. In this position, the valve pin 13 has fully sealed both canal gate 140 and 141,
with the final gate 131 still not fully closed. This action provides the possibility of stabilizing the pressure in

the chambgy 132 rgleasing Moled sl rashyrl payypPossible das befareidefinalidogiainiaet. this
crucial stage is known to be destructive for the molten resin, burning and gassing the remaining resin
shot, henggripisiadvis abplenipesorsiitim the: indingehos 10 The aipeyesitvationustiate ks isotoeriy the
valve pin 13 during the waiting phase preceding the next shot, which is particularly long for a sequential
tool. Anogade e afdHg Valvepainiay wikbevulslighilbpacip dnerfirial tpaecties pogiangbthe ttaivegdmetic
effect if needed, removing flashes and leaving the product easy to release during the ejection phase.

Figure 7(h3 SHblreRisgHES HareRRIIS bithe RRVe PitF18RIBEHE MibetyPih tRIHHRY GHtEhe $10a8 ¢ escribe
in th ' . h. 30 (2MBN SBHR SG) Fi 8 illustrates th ical toft i f
the gate, TEH S A6 oA PO LR ocBRSRGHO A R O, SR VRSt st L RSHD Mo
the gate, WLl | fle i . :
rough .98 SARPLSERA OB AETERITBNL ALkl nCes AR AP GimIBSdNe ARKSRBIERe ©

opening of the resin cana e movement of the threa ve pin. Firstly, Figure 8

ilustrates,adul sestinaolhebaiial glupieal HaakHohrelbaLReTRicc2nd @R Ponsee AN the close

up Detail C, the result of the intersection between the inclined runner canal 17b and the circular area 27
gives an ovoid curve. For a question of simplicity, this ovoid curve will be considered as an Ellipse E and
by the way, the calculation of its full area represented as Al will be defined as follow:
Figure 7(iii) shows us an important moment concerning the position of the valve pin 13. In this
position, the valve pin 13 has fully sealed both canal gate 140 and 141, with the final gate 131
still not fully closed. This action provides the possibility of stabilizing the pressure in the
chamber 132, releasing molten plastic resin of any possible gas before the final closing. In fact,
this crucial stage is known to be destructive for the molten resin, burning and gassing the
remaining resin shot, hence it is advisable to condition the waiting shot to the above situation.
This rule is done by the valve pin 13 during the waiting phase preceding the next shot, which is
particularly long for a sequential tool. Another rule of the valve pin 13 will be to slightly pack the

final gate 131, giving a better cosmetic effect if needed, removing flashes and leaving the

product easy to release during the ejection phase.

Figure 7(iv) shows us the final position of the valve pin 18 closing nicely on the final gate 181
as describe in the previous paragraph.
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Al- On the same Detail C we can see in a dotted representation of a threaded valve pin 18 and the
resulting intersection between the dotted representaéi(g)n and the previously described Ellipse E. It is clear
that the f@ﬂ@re&ﬁﬁ% be now defined using three essential parameters that is the radius of the hole
"r", the stroke or movement of the pin "s", and the angle of the hole "Ir. Following these parameters the
formula of the area A could be derived as follow: Hence, the flow-rate of the molten plastic melt is
defined as: Flow Rate = Where "r" is the radius of the final hole and "V" is flow velocity. If we consider the
velocity d9mpaomestailystraitishth @ asgcimoicdbesperd tliahtheiFewiRbeegait depiehchdirdetiyashfthm area of
the resin canal. However if the resin canal is totally opened, the flow-rate would be 100% and if the resin
canal Wagim&ﬁ@dcﬁ%@diqﬁelﬂd%dgtgnv{mgm the yajue of the flow-rate flowing through the resin canal

based on a certain input value, it is necessary to determine the percentage of opening of the
resin canal hole resulting from the movement of the threaded valve pin. Firstly, Figure 8
illustrates a full section of the body of a typical back-to-back hot nozzle, and as we can see on
the close up Detail C, the result of the intersection between the inclined runner canal 17b and
the circular area 27 gives an ovoid curve. For a question of simplicity, this ovoid curve will be
considered as an Ellipse E and by the way, the calculation of its full area represented as Al will

be defined as follow:

-
Al=mr. m
On the same Detail C we can see in a dotted representation of a threaded valve pin 18 and the
resulting intersection between the dotted representation and the previously described Ellipse E.
It is clear that the final area A could be now defined using three essential parameters that is the

radius of the hole “r’, the stroke or movement of the pin “s”, and the angle of the hole “R.

Following these parameters the formula of the area A could be derived as follow:

, » .
T s (B) _[cos(B) " ® | T 2 r
A= (T ) 360 — 2.cos™1 (—r ; + -\ll (r2— (cas ) — 5) '(cns B — S)

Hence, the flow-rate of the molten plastic melt is defined as:

Flow Rate = m.r:.V

Where “r”’ is the radius of the final hole and “V” is flow velocity. If we consider the velocity as
constant, it will be easy to understand that the Flow Rate will depend directly on the area of the
resin canal. However if the resin canal is totally opened, the flow-rate would be 100% and if the

resin canal was totally closed the flow-rate would be 0%.
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31 (2MBN SBHR SG) As shown in the formula in Figure 8, the surface area A will vary based on the
stroke of the corresponding valve pin. A graphical cyve E can be plotted showing the relationship
between Eg@gc&q@gg)of opening related to flow ratle and pressure of the resin canal hole with the
stroke of the valve pin "s". As illustrated from the curve E in Figure 8, when there is no movement in the
valve pin, i.e. s = 0, the resin canal hole is 100% fully opened. As the valve pin moves, its stroke "s"
increases. Hence the percentage of opening of the resin canal hole that is associated with the flow and/or
pressureAsilsbhow i shglfodecieasé-iyora 6,tthe’ suitiatly asshdwiilinayrivesEdaliowedstplerapitie
accelerated drop from s' to s. This rapid accelerated drop in the curve E will continue until the moment
where thEHFABRMILNGYBRE Bfth GRSl '|TYe &g oan teerplebedoshanipadhadal@ionsaip Heiweeivs (0) ,
the percentage of opening of the resin canal hole will continue to decrease, hut with a curve %ro ortionally
r

opposite TFtRE5FNAGSs 88&8%&%‘?9&%6% it %rﬂ@ﬁﬁﬁﬁfnﬁt&?@ 6?§Wecéﬂﬂslé°€_"i‘ﬁ re it can
be deducgd that i Jlowgrate;andior Rrseﬁclsu%;t?%\%'clnl gli%%et%%eg&j\ll%wgw%a 'éﬁ\ﬁ 80%%?:%0{?%'%9 o the

ve pin, s . IS~ No :
acceleration and deceleration if the spee the valve pin‘'was linear. Th celeration and deceleration

is importaasib el sHio Vet GarihsheanstirsrehtRamoisr Rlasinmals'sleRencaimpEoyiie the
guality of the molded plastic part. It is also apparent that the speed of the valve pin could be controlled

graduallypiiuring és, moyaokentsiraioreaksly opencatatibtpeadetaGiose aythingpirthd rRixmwednannibie
successive waveforms given by a standard conventional injection-molding machine will affect the final
user intetfetasiasheciatisheitdém tooy eodteslEessigeareid dhewansliahy dgsbesepionT 0 takehifitiatya
standard conventional injection-molding machine, with the plot illustrating the injection pressure versus

time for tA& SNRYY BRENING BrialuiahByphisR RS SIRLHFERRGIPMSIHRG-cydls sAPidtars psFakY line

ntial mold. Th NFIDENTIAL
seque t%ropoirgthe gu%/ce) E will contlﬁue until the moment where the amount of stroke of the valve pin

“s” is equal to r / cos(3). Subsequently when s > r / cos (B) , the percentage of opening of the
resin canal hole will continue to decrease, but with a curve proportionally opposite to the
previously described curve due to the symmetrical nature of the Ellipse E. Therefore it can be
deduced that the flow-rate and/or pressure will decrease following a curve corresponding to the
acceleration and deceleration if the speed of the valve pin was linear. This acceleration and
deceleration is important as it helps to reduce the shear stress of the molten plastic material,
hence improving the quality of the molded plastic part. It is also apparent that the speed of the

valve pin could be controlled gradually during its movement from a fully open start to a fully

close end.

Figure 9 shows how the successive waveforms given by a standard conventional injection-

molding machine will affect the final user interface in the independent tool controller.

Figure 9(i) shows a graphical plot 70 taken from a standard conventional injection-molding
machine, with the plot illustrating the injection pressure versus time for the filling, packing and

holding phase of a typical injection molding cycle on a two parting line sequential mold. The
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32 (2MBN SBHR SG) curve 71 illustrates the molding cycle during a pre-sequence using only the parting
line A of the sequential mold, whereby the injection pressure at parting line A is essentially the same as
the inject&g&mgw&é&n the barrel of the conventional injection-molding machine. It also means that
curve 71 represents the desired machine settings for the plastic part to be molded. The curve 72

illustrateg tihgmolmingraxelerdunbliAd g Fe AURAGR Wré8eanbhteURRIG RA R afiNG IFRANEAtRE MOId.

As shown on Figure 9(i), the overall injection pressure for parting line A is higher than the parting line B.
This is atsequesdiabrttedd préssely dneprjedies pvbssuthenpeitergplastic ifevesdniailyp drérsguinecad toethe
parting line B for a given amount of time. Assuming that the injection shot at the parting line B was
equivalemigsiRAITEFAHMEAMENR, RATEhWS URPrARaYE AN eSSBS |BNG RebKIRg Htaertmeaite B

would happen later_than at§artin line A. As a result, the overall curve for %%ting line B would shift

slightly tdtAef Brid SERETIE e R ARSHTHARARID ETREOH S RIPHIE RUISPHITRIESHodllE.
H il his | h ~and ' f ting.line,B d
owever, aRl 72 HRIGELRIL A Rofdinl'3 NG £33 RANRE RRGKINGHR! e RAHAGHE S s /lBPene

earlier than the packing at parting ence, would presen particu uation,

whereby $hg zhehiniBRI Pating ines Brissmrdasihandhs Saltingebng Aot s RafGCBLatisURLCR is

demonstrated how the most complicated situation could be effectively solved by the present invention
without arigtemigm oS grasitigniesvBNTaR bsitaaributed acs g lerestals isrdpllomiessbytetogie aadtiglation
done by an independent tool controller 60. Firstly, the independent controller 60 will analyse the situation
based orptagticilowstoandarine hdewlital éteqrdftihg lnes Bufoo vegfien domutheparingAsseBingtthaéspect to
the parting line A, with the overflow represented by the area 74. Then, if this is the case, the independent

tool contfBRPISSHRM LHE Gl R ELERSBMER SEELARN LRifAY 9h RATBL R Mol tHRUS BB, Hence
for this case, the shift in the curve éZ to within the desired qmldin%}qara eters as represented under

curve 71 R 52 BBrE SERE LB R B e e PR ST AD BRI RF o A5

result, the overall curve for parting line B would shift slightly to the left and outside the desired
machine settings needed for the molded plastic product. However, as illustrated on curve 72,
this is not the case, and the packing of the parting line B happened earlier than the packing at

parting line A.

Hence, this would present to us a particular difficult situation, whereby the shot in the parting
line B is smaller than the parting line A. This particular situation demonstrated how the most
complicated situation could be effectively solved by the present invention without any human or
sensor intervention but only by a simple analysis followed by a logic calculation done by an
independent tool controller 60.

Firstly, the independent controller 60 will analyse the situation based on the curve 71 and 72,
and will detect if there is an overflow from the parting line B with respect to the parting line A,
with the overflow represented by the area 74. Then, if this is the case, the independent tool
controller 60 will calculate and execute the necessary shifting in order to remove this overflow.
Hence for this case, the shift in the curve 72 to within the desired molding parameters as

represented under curve 71 would be compensated by a delay in the molding time, for example

CONFIDENTIAL



(2MBN SBHR SG) by 1.5 seconds, as represented under numeral 79 within Figure 9(iii). The shifted
curve would then be represented as curve 73 in Figléée 9(i). Any deviations would then be corrected via
signals S%QHtgm g@)independent tool controller60 connected to both stepper motors 4a and 4b,
which powered the two valve pins via worm gears/worm wheel configuration. Based on the corrected

signals spptifmretondadapessertined corpteintlatre Mavianrejt-ofdfig. tieevalepivsrvatiiounpzzle
bodies 2a and 2b would then be able to adjust the flow-rate or pressure at parting line A and B
independéatlybé-igre B00ehigisligineetT@ anoBirsrectifhal Avigvéorationz|evbaldi¢isePabencopieaiath vive
cross-sectional view for the resin canal for nozzle bodies 2a and 2b represented by numeral 140 and 170
respectiviilNais SR PIBESEPM the Bireemsnggiariaglagamsralrs $Ricpenead itbheaieriIaheoiiE4ins in
nozzle bodies 2a and 2b would mean that numerals 140 and 170 could each r%pres_ent adjustment of

flow-rate FHR BRSSP MO YAINH PIEFBLEAPR AESSHMRISNVBFR/iCRIGHA R g ure 9(iil) shows a

snapshot of how the molding parameters can be controlled via the user interface on the control panel 61
of the independent tool controller 60. For a given plastic part to be molded using a two parting line

sequentigl maics A esirectenashinak SEHD g8 tPrOIRERR AASHE R YV ehiBeeiarayer of the
user interface control panel 61 under "machine”, represented as numeral 76. Within the user interface 61,

the paranmete® fodiveaithisgvitienpasting boaiés arzdding naningdine B arabepte seisctias flovmeral of 7 and 78
respectively. Conclusion: In most cases, the control of the flow rate of the molten plastic melt is usually
managed s ripdyinbding ératt Bfitdepajettivly.nfolging plbckigh|igite thisycwisasiastintral \Gethe
plastic part. As described in the previous Figures, no sensor is needed for the present invention disclosed
here. ThdPA&RAIAPAEHARISRT BB the FaveRRLCRAYaN0IPh GearslifRiRe RofrraRdeditdnnected

motqrsg, Since there is n nsaorn fqr_thi NF|DENTIAL 34 BN SBHR
0 steppeéa %8 Sbsrlepcrgster%e% I%y cr)lusr(;';ersaci 14%egﬁg 1070t rlessr?ecc)tive y. As desc:r)’ibe(ghl/ln thesprevioﬁsG )

paragraphs, the independent movement of the valve pins in nozzle bodies 2a and 2b would
mean that numerals 140 and 170 could each represent adjustment of flow-rate within the flow

canal or adjustment of pressure respectively, or vice versa.

Figure 9(iii) shows a snapshot of how the molding parameters can be controlled via the user
interface on the control panel 61 of the independent tool controller 60. For a given plastic part
to be molded using a two parting line sequential mold, the desired machine settings to mold
such a plastic part is shown on the top layer of the user interface control panel 61 under
“‘machine”, represented as numeral 76. Within the user interface 61, the parameters for molding

the parting line A and the parting line B are represented as numeral 77 and 78 respectively.

Conclusion: In most cases, the control of the flow rate of the molten plastic melt is usually
managed completely by the operator of the injection molding process, aided by visual control of
the plastic part. As described in the previous Figures, no sensor is needed for the present
invention disclosed here. The actuating mechanism to drive the valve pins is via worm gears

with the worm wheels connected to stepper motors. Since there is no sensor needed for this
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present invention, the stepper motors connected to the worm wheels / worm gears to actuate the
threaded valve pins will have to be accurate and fasé nough in responding to any changes during the
initial filliqmg%gktg%jnjection molding process. By making a quick calculation, it will be easy to see
that the number of turns of the threaded valve pins between the opening position and the closing position
is only 2.4rbidet. ifventivM RS RPes MR is elivedtsdlletie Worat $REAY Prvavithqaeadaxtiate of 10 in
order to be able to develop an acceptable torque. If we divide these 6000 turns by 10 and by 60 seconds,
we can st thetadddespiveqootiwitidiay @ . tueres ouriassatih kA efaetondelpoediss teiany tingrngesed to a
common motor with 0.0072 degrees per step, we can imagine that we will be very close to a real-time
control bA8EA%DNE ipHe éflinedPbapre0HOE dNRIRM IPYEIMYAN ABRSSvoBMMAKHIY fh A IRKIA @EAHA. holding
conditions that require precision control in the molgvi\%gd arameters like flow-rate }Bressure, etc, the form of

dynamic WB%B%E&%E%&B%ﬁ*lﬁ‘etB‘?e@_%'HPﬁ{v%fn%ﬂ Bgrﬁﬁﬁélfo"ﬁﬁ(_‘?epa\n%?@t R Ui 8RS HAGared to
using Si?)%%fﬁosr{rgéartﬁ% %@éﬁ?tﬁégg}gnqgrgﬁ’%rfﬂt@rﬁ@ §\e@§%r Yl éY%?E%UynQ%F @ 1elek g%%le to

approximately +/- 5% wherea ynamic torm of control disclose e present invention IS much

more pregjge SDeT PRI KgRalBds ARt Hia ferrpaseE Te dBIINPRIBRY &5 a¥edAgdiBadgRROfISE time
for the controller are both linked and hence the response time to adjust the parameters for the sensor

might notWeedasd@pidsespeaialyrat sy partiadl By Soast awime wWBesidaescover leng: ysagend hakesse. of
sensors, there could potentially be some leakage problem associated with the use of sensors. Coupled
with the fachshiat léss Sbagdris alikdromdibjécte asshe@iy - ivagegedgiohighaemperatate, dith, 8te0(2t might
contribute to lower efficiency in the use of the sensor over long period. Hence to conclude, the objective
of the enflSSHRFCREHEDSWE FRIME SRR MIGHhVENHIh Mo MrsY 6 afjiRsBtrRAFENE SR BRIPBRESS BRcduring
the filling time so gs to have precise and adjustable CONFIDENTIAL 35 (2MBN SBHR SG) control of the
molten pi?;{ftg%@{)ﬁgr?%\gfding at least two non-identical (i.e. with more than 50% difference in weight or
form) complex-shaped plastic parts. For most of the other designs in the prior art, the flow-rate control for
the process is limited to a static action based on a pre-defined opening and closing linked to a sensor

given in grgleqt@wanache Mabre watevdid tRR&NTTIRM BRMRPCIEIEHE ImBISiRY esalitiorentiap. Hgieentrol of
flow-rate and pressure will be fully dynamic (i.e. without the need of sensor) and is invariably linked to the
profile of ghecisivvecalmilatetdromiding maraemeent dikeallosy piits, ithsespeetdotheefan@acd fdireareisin canal
hole as illustrated previously. The dynamic control is aided by the use of valve gates linked to stepper

motors (ROSERIPBPPIediMibeoPsE et dntesitivre wpdddamladoUrary aéxuissseyronsreothiasgsbtifications

required in molding the required plastic part during the initial filling phase of the injection molding process.
using sensor. Similar to any electronic components, the sensor will typically have a tolerance

approximately +/- 5% whereas the dynamic form of control disclosed in the present invention is
much more precise. Another point to note is that the response time for the sensor as well as the
response time for the controller are both linked and hence the response time to adjust the
parameters for the sensor might not be as rapid especially at a particular short notice. Besides,
over long usage of the use of sensors, there could potentially be some leakage problem
associated with the use of sensors. Coupled with the fact that the sensors will be subjected to
heavy-usage (e.g. high temperature, dirt, etc.), it might contribute to lower efficiency in the use

of the sensor over long period.

Hence to conclude, the objective of the embodiment disclosed in the present invention serves to

adjust the flow-rate and pressure during the filling time so as to have precise and adjustable
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Slider-Driven Only - Non-Threaded Valve Pin Design The present invention highlights the possible use of
a combination of angular pin / slider mechanism andggtepper motors, which include an internal angular pin
and slide{zmghv%gﬁﬂrg&ct between the gears drive and the non-threaded valve pin located inside the hot
nozzle. Figure 3b schematically illustrates a section view of the non-threaded valve pins' system
consistingapkrapbftiHe sk Nl invhed pasding M side eriivesbhatfeHBiouity. paring tiaeeArIRd50%
non-threaded valve pin 113 and 118 position inside floating half 50 with parting line B. Essentially, the
operatiordéfiedenoectionsigittbe fnon) twempiedsialvedmiasys grsassitonosinfitg ehdb de sgasily thienilar to
that of Figure 3a, with the components within the nozzle system la, 2a and 2b being similar as well. As
mentione¥iBF&tolngyianaaie saiyieh foptsherenresaisANak P appindis BytiaTdresrean amsehdetdiadiar part,
where ap repetition of text without Iimitingg the disclosure. 36 (2MBN SBHR

ropriate, thereby reducin
SG) FiguHBSA G R clnsile ER Rea SeRasy BbEmiy AR e BF (AN 0RtR o EALH 6 S The 113

and 118, which.highli t hani ct usin an r_pi wered by gear drive 119
concermit N B T e o o o ST e A e BN A e
mechanigal agRAGLUEBSHBBLBEYENSBIN 4P iRAWRIRhhYiaRal divRelgdmengeimineuibe daiving:ef the
non-threaded valve pin 118 via slider 124. Similar in function to the threaded valve pins as per described

previouslyotheHavamambrasiageyal ehisngasitisystpatare thissiisa @ iitieerbsithdapat thotads divisivaeeins 113
and 118 independently and secondly, to create the primary step of the final torque necessary to finely
adjust thenesteusiyl Jowetyaathigcmnizolyisedgestadtihy the sf/sedva.oateilliskeddd atepigpiradiorsierangular
pin mechanism denoted as 128 and 126, has a wedge at one end with a small angle that transverses with
the sliderSE® SAANEM T8RS GPEHRAINENTPE SHRRARSABRfYSICHRSI Y egrRaddNeapPeaiishiiens smaller
pressure from the. body of the angular pin 128 and 126 into a larger pressure to push the slider. 123 and
52 resp SANER). BTG TR SRSy o L e oS oBnd BHSF e A S anguier
pin meci}%giamﬁiiﬁjlé%g‘anslated into a small distance of the slider 123 and 124. Hence such a
configuration alfows the angular pin movement to provide greater accuracy when adjusting the movement
of valve pins 113 and 118. The configuration of the gear drive 119 and 120 with the angular pin 128 and
126 respectively will be such that the right amount of torque produced by the gears will in turn be able to
actuate tistictiderii2a amdyl2#8éo-divedtedndahtbreadPdsighve pin 113 and 118 respectively. The angle of
the angular pin 128 and 126 together with the torque produced by the gear drive 119 and 120 will in turn
provide alfigaPgeRedtHvantfmctiahiadsn it dovsiblieedssy eha rembinaiiononttianeiRidialvespies 113
and 118, thereby actuating the stroke A and stroke B denoted as 29 and 30 respectively. Such movement
will also fIRESI LTI @ WA KRR oMAIVSHNYSHE TNk A IR P SRR RIRLFRE, SEainEat Ylkas 21
and 27. Sipylarly, ings 19, 0e noted hatne mportance, ol ymiting the pressiire Joss s, o g, back flow
phenomenon%as atlreaay e8Rmentiona previously thader (Re "Bac grountfofj{ane Tvention ‘eportion.
CONFIDENTIAL 37 (2MBN SBHR SG) Figure 5b illustrates a perspective view of how the slider-driven
actuating mechanism featuring the gear drives 119 and 120 intersecting with angular pin 128 and 126
respectively ireoBIEstth siatiginelsdivigled 23 apetidrAIespectivensa-thabidslives Beirtovement of the
two non-threaded valve pins 113 and 118 respectively. For the present invention, the movement of the
gear drivesrkifirandf IR0 dnecpded kadl & \pstdiReponititor sndalaradiidbd Tad dtepiterpacioydida Arehdb
enables the turning of the gear drives 119 and 120, which will in turn actuate the angular pin 128 and 126
i pdeihtapdhitiptihtd 1ARsadad teesHiomdnsientiteritnoreaibly witkheaine-lipgoP Figure
4b, the angular pin mechanism denoted as 128 and 126 has a wedge at one end with a small angle that

g
transverses Gt the Fa8PESE YhANDAUNCUINEICh {Gfe MERHERBASS: YahErRih MSERYReSIMAd Wedge at
angular pi 8.an specti t late.a small r . y e ar pin
126 and L T e b A S e R o e
then enable the-meysman, farie RONdNreadaMalYR PR iddsRN the LR Lo Ty ARIiRE RAfiiaHBar
open/close, depending on the injection molding parameters. This process will in turn regulate and control
the moveirendsilikieater pinseltbhaothdrldmesppatiyalye b up prispreinding dhebnelteintpsiifiton drooling
out when the valve pin is fully closed with the help circular sealing areas 21 and 27 as shown in Figure
4b. It willddgexteidstiridgnotingtthéodisitpsterelb and 5b that the angular pins 128 and 126 uses a particular
teeth design. Hence this provides the component with the possibility to mesh with both gears 119 and 120
such that movement of the gear 119 and 120 will provide a smooth translated movement of the

non-threaded valve pin 113 and 118 respectively.
CONFIDENTIAL




It is to be understood that the foregoing description of the preferred embodiment is intended to be purely
illustrative of the principles of the invention, rather thgé’u exhaustive thereof, and that changes and
variation Z\f\\ﬂg@%@qﬂasrg@t to those skilled in the art,"and that the present invention is not intended to be
limited other than as expressly set forth in the following claims. CONFIDENTIAL 38 (2MBN SBHR SG)
CLAIMS Mi&eisislainesidscdipniistpiRées mat dnamrsdnjesisosebiols o ap panaie daemaldia piadt at least
two (2) non- identical or identical complex-shaped and intricate plastic parts, comprising of: an
independEl] aextd i ivestfrdogtdigied tentreCimiicalaspeict theengomtrahgudrqmp?is eswéedrty tgedrive a

motor device, and
drive 119 concerning the driving of the non-threaded valve pin 113 via slider 123. Figure 4b

also highlights the mechanical aspect using an angular pin 126 powered by gear drive 120
concerning the driving of the non-threaded valve pin 118 via slider 124. Similar in function to
the threaded valve pins as per described previously, the two advantages of this gear system
are, firstly, to drive both non-threaded valve pins 113 and 118 independently and secondly, to
create the primary step of the final torque necessary to finely adjust the potential power and
accuracy requested by the system. As illustrated in Figure 4b, the angular pin mechanism
denoted as 128 and 126, has a wedge at one end with a small angle that transverses with the
slider 123 and 124, such that a small angle inclination of less than 45 degrees can translate a
smaller pressure from the body of the angular pin 128 and 126 into a larger pressure to push
the slider 123 and 124 respectively. Due to the relationship “energy = force times distance”, a
larger distance of the angular pin mechanism is also translated into a small distance of the slider
123 and 124. Hence such a configuration allows the angular pin movement to provide greater
accuracy when adjusting the movement of valve pins 113 and 118. The configuration of the
gear drive 119 and 120 with the angular pin 128 and 126 respectively will be such that the right
amount of torque produced by the gears will in turn be able to actuate the slider 123 and 124 to
drive the non-threaded valve pin 113 and 118 respectively. The angle of the angular pin 128
and 126 together with the torque produced by the gear drive 119 and 120 will in turn provide a
final smooth translated movement developed by the rotation of non-threaded valve pins 113 and
118, thereby actuating the stroke A and stroke B denoted as 29 and 30 respectively. Such
movement will also fix a possible back flow or drooling of the molten plastic resin by effectively
sealing at areas 21 and 27. Similarly, it has to be noted that the importance of limiting the
pressure loss due to the back flow phenomenon has already been mentioned previously under

the “Background of the Invention” portion.
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the motor device powers at least a pair of worm wheel and worm gear which is connected to at least one
of the threaded valve pin for a corresponding nozzle3§ystem within an injection molding tool for receiving
the melt f,(pé%QFggla%entional injection molding machine, with the nozzle system comprising of
primary and secondary nozzle system with heater bands coiled around the nozzle, whereby the primary
nozzle system with built-in resin canal is positioned at the fixed half of the mold plate, and the secondary
nozzle system with built-in resin canal is positioned at the moveable or floating half of the mold plate, one
valve pinfigusedlwithatrates pripeaspactizel @isysoé hantieaslidasidive ( 2cusdtiegpimechanisad feathinmthe
secondary nozzle system, wherein the valve pins are threaded with valve gears, and whereby there is a
sealing gat@ @RPh PdiRRA LS BN JRR ARG W IHTRTYWRY RBY 28 0HSFMraseeaiNRnBrRIgetHe valve

pin is configured such that its movement is actuated by a combination of the worm gear and worm wheel

whereby i W‘Br_mesé"fjﬁ{/l BRESHH é@@f@%%“r_tit‘f@f G EatHE %r&')‘f?és%nm%em@éd%&%l%opﬂ‘ﬂnfs rotated
by a corrg RO RN O YRR a5 fh e G LR SR O LG S AR RV RITI H AY Giment of the

gear drives 119 and 120 are powered by stepper motors 4a and 4b. The stepper motors 4a and
4b enables the turning of the gear drives 119 and 120, which will in turn actuate the angular pin
128 and 126 respectively via the interconnecting “threaded teeth”. As mentioned previously in
the write-up for Figure 4b, the angular pin mechanism denoted as 128 and 126 has a wedge at
one end with a small angle that transverses with the slider 123 and 124. A small angle
inclination of less than 45 degrees for the wedge at angular pin 128 and 126 respectively can
translate a smaller pressure from the body of the angular pin 128 and 126 into a larger pressure
to push the slider 123 and 124 respectively. This slider movement will then enable the
movement for the non-threaded valve pins 113 and 118 to fully and/or partially open/close,
depending on the injection molding parameters. This process will in turn regulate and control the
movement of the valve pins 113 and 118 respectively, thus preventing the molten plastic from
drooling out when the valve pin is fully closed with the help circular sealing areas 21 and 27 as
shown in Figure 4b. It will be interesting to note for Figure 4b and 5b that the angular pins 128
and 126 uses a particular teeth design. Hence this provides the component with the possibility
to mesh with both gears 119 and 120 such that movement of the gear 119 and 120 will provide

a smooth translated movement of the non-threaded valve pin 113 and 118 respectively.

It is to be understood that the foregoing description of the preferred embodiment is intended to
be purely illustrative of the principles of the invention, rather than exhaustive thereof, and that
changes and variations will be apparent to those skilled in the art, and that the present invention

is not intended to be limited other than as expressly set forth in the following claims.
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wherein the movement of the threaded valve pins inside the nozzles are such that when the valve pin is
in a fully open position, plastic injection occurs and oY Iten plastic is allow to flow through the nozzles via
the resin | 3pglEegs is no rotation of the valve gear with the corresponding worm wheel and the
intersecting worm gear, OR when the valve pin is approaching to fully closed position when the valve pin
is approachigthe tip of the nozzle gate via its rotation movement which is actuated by the rotation of the
valve gear with the corresponding worm wheel and the intersecting worm gear, OR when the valve pin is
at a partisVlogees daigledast position via its rotation movement which is actuated by the rotation of the valve

gear with the corresponding worm wheel and intersecting worm gear. 2.The improved hot runner injection
molding dystemAlt EBRARY§AdldHANERIBEERN RO EENE RjBBIRSHSHYIdMe D b AtdARSHINe 43} fRB-(2) or
more cavities corresponding to the shape and dimension of the product to be molded; wherein o the tool

comprises of at REHCRPS G ST RleX s IPRER BUE AB R AlRIAG S AP LR R PREFBE P vhich are
moveable in relation to each other; and 40 (2MBN SBHR SG)

B an independent, external self-contained control unit, wherein the control unit

comprises of ports to drive a motor device, and

B the motor device powers at least a pair of worm wheel and worm gear which is
connected to at least one of the threaded valve pin for a corresponding nozzle
system within an injection molding tool for receiving the melt flow from a
conventional injection molding machine, with the nozzle system comprising of
primary and secondary nozzle system with heater bands coiled around the nozzle,

whereby

o the primary nozzle system with built-in resin canal is positioned at the fixed half
of the mold plate, and
o the secondary nozzle system with built-in resin canal is positioned at the

moveable or floating half of the mold plate,

B one valve pin housed within the primary nozzle system and at least two (2) valve
pins housed within the secondary nozzle system, wherein the valve pins are
threaded with valve gears, and whereby
o there is a sealing gate on a portion of the valve pin located within the nozzle,

o wherein the movement of the valve pin is configured such that its movement is

actuated by a combination of the worm gear and worm wheel whereby the worm
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0 at least two (2) parting layers, with the first parting layer extending between the front fixed half of tool
and the floating half of the tool, the second parting layer extending between the floating half of the tool
with the r%@{éha Qﬁ@gégol; 3. The improved hot runner injection molding system according to claim 2
wherein the said tool open and close relative to each other in a pre-determined sequence applicable for

sequential, stack and /geamulidayeieolgie dofkepoHiayednieddemnealyesion moldiataysien
according to claim 1 wherein the movement of the valve pins within the secondary nozzle are
independent of each otlvereapdnidiray precderasnioé dise qoensextiig TWwerimpybeed drotemurine rpinjezbon
molding system according to claim 1 wherein the motor device to actuate the rotation of the worm wheel
is a stepper motor. 6. He¥if®proved hot runner injection molding system according to claim 1 wherein the
motor device to actuate the rotation of the worm wheel is a servo motor. 7. The improved hot runner
injection molding system according to claim 1 wherein the motor device to actuate the rotation of the

» molding system according to motor device nofthe
I wherein the wil e B B e e e or

multi-layer cavity mold in a conventional injection molding machine. 41 (2MBN SBHR SG)

B when the valve pin is in a fully open position, plastic injection occurs and molten
plastic is allow to flow through the nozzles via the resin canal and there is no rotation
of the valve gear with the corresponding worm wheel and the intersecting worm

gear, OR

B when the valve pin is approaching to fully closed position when the valve pin is
approaching the tip of the nozzle gate via its rotation movement which is actuated by
the rotation of the valve gear with the corresponding worm wheel and the

intersecting worm gear, OR

B when the valve pin is at a partial open or closed position via its rotation movement
which is actuated by the rotation of the valve gear with the corresponding worm

wheel and intersecting worm gear.

2. The improved hot runner injection molding system according to claim 1 wherein the said
injection molding tool contains at least two (2) or more cavities corresponding to the
shape and dimension of the product to be molded; wherein

o the tool comprises of at least a front fixed part, a central moveable floating half

and a rear part which are moveable in relation to each other; and
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9.An improved hot runner injection molding apparatus for molding out at least two (2) non- identical or
identical complex-shaped and intricate plastic parts,4c00mprising of: an independent, external

self-contai RyRl &kit, wherein the control unit comprises of ports to drive a motor device, and the
motor device powers a gear system which intersects with the threaded portion of the angular pin and the

gear teeth, an angularpiRauitind WedeeRiRSLEARRLHANRIGISRMYVIHY & éxasidng SdigRiemashanism
for a corresponding non-threaded valve pin within a nozzle system of an injection molding tool for
receiving the melt flowffominfaxesb haérifanal anjdctientlioesiogngathadHire fooithth e acariepsyttgnagemprising
of primary and secondary nozzle system with heater bands coiled around the nozzle, wherein the primary
nozzle system with buifiX{geisie keWeeR thedinaieg haltrethrdachaiththihsaridiabritdedadl the secondary
nozzle system with built-in resin canal is positioned at the moveable or floating half of the mold plate, one
valve pin housed within the primary nozzle system and at least two (2) valve pins housed within the

secondary nozzig,sysie, AEIElN g YALYS BINS AR A IRAdE SIS e i aarafiag gate on 2

portion of the non-threa valve pinlocate ozzle,
tool open and close relative to each other in a pre-determined sequence applicable for

sequential, stack and / or multi-layer molds.

4. The improved hot runner injection molding system according to claim 1 wherein the
movement of the valve pins within the secondary nozzle are independent of each other

and in a pre-determined sequence.

5. The improved hot runner injection molding system according to claim 1 wherein the

motor device to actuate the rotation of the worm wheel is a stepper motor.

6. The improved hot runner injection molding system according to claim 1 wherein the

motor device to actuate the rotation of the worm wheel is a servo motor.

7. The improved hot runner injection molding system according to claim 1 wherein the

motor device to actuate the rotation of the worm wheel is a linear motor.

8. The improved hot runner injection molding system as according to claim 1 wherein the

worm gears are located internally within the nozzle of either sequential, stack and / or

multi-layer cavity mold in a conventional injection molding machine.
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42 (2MBN SBHR SG) wherein the movement of the non-threaded valve pin is configured such that its
movement is actuated by the rotation of the gear system driven by a motor device, which in turn actuates
the angu@[\,@m gk?ﬁ?@@) the slider mechanism to slide, thus actuating the corresponding non-threaded
valve pin'to move, wherein the movement of the non-threaded valve pins inside the nozzles are such that

when thegvalve piniisigroac v ORBRAAsESIb RIS EstErat0s sor snaning elieatpéastiens alosito flow
through the nozzles via the resin canal and there is no movement of the angular pin with the

corresponding stideticakbahidaisival OBmplvesithpedaivne pitticsieppastcipartstedoilyrisioged: position when the
valve pin is approaching the tip of the nozzle gate via the movement of the angular pin with the
corresponding slider mechanism, OR when the valve pin is at a partial open or closed position via the
movement of the a)r%gtular pin with the corresponding slider mechanism. 10.The improved hot runner

injection moldin® sy¥leAAREAMRY SRR oSTHERIRIRI sSRIME YR MBRY (J2F cEALRls Witeast two
(2) or more cavitiesC% B?%eg%giagrtgotsh&i\slg%ol%ﬁgpdg\r/pc%r’l%il%p of the product to be molded; wherein

B the motor device powers a gear system which intersects with the threaded portion of

the angular pin and the gear teeth,

B an angular pin with a wedge at one end that transverses with at least one slider
mechanism for a corresponding non-threaded valve pin within a nozzle system of an
injection molding tool for receiving the melt flow from a conventional injection
molding machine, with the nozzle system comprising of primary and secondary

nozzle system with heater bands coiled around the nozzle, wherein

o the primary nozzle system with built-in resin canal is positioned at the fixed half
of the mold plate, and
o the secondary nozzle system with built-in resin canal is positioned at the

moveable or floating half of the mold plate,

B one valve pin housed within the primary nozzle system and at least two (2) valve
pins housed within the secondary nozzle system, wherein the valve pins are non-
threaded wherein
o there is a sealing gate on a portion of the non-threaded valve pin located within

the nozzle,
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the tool comprises of at least a front fixed part, a central moveable floating half and a rear part which are
moveable in relation to each other; and at least twoz%) parting layers, with the first parting layer
extendingzkﬁéw%egh@%‘%f)ont fixed half of tool and the Tloating half of the tool, the second parting layer
extending between the floating half of the tool with the rear half of the tool; CONFIDENTIAL 43 (2MBN

SBHR SG) 11. Thedmpjigaiesh Ak ruianemiaie e aRetoldifgesysie VhRe neesdinariualiaizudr whersin the
said tool open and close relative to each other in a pre-determined sequence applicable for sequential,

stack and / or multi-layeoreohdst 12. achetatpinydtehaitatinnesfinfecigeamsylisleny siystemys acvotaling to
claim 9 wherein the movement of the valve pins within the floating half of the mold are independent of

each other and in a prél®idgerminet iSelyiiepekiades teeairaplavBl FOENMIR A BIYRITMRENGINGBStem as

according to claim 9 wherein the motor device to actuate the rotation of thegear IS a stepper motor.
slide, thus actuating the corresponding non-threaded valve pin to move,

wherein the movement of the non-threaded valve pins inside the nozzles are such that

B when the valve pin is in a fully open position, plastic injection occurs and molten
plastic is allow to flow through the nozzles via the resin canal and there is no

movement of the angular pin with the corresponding slider mechanism, OR

B when the valve pin is approaching to fully closed position when the valve pin is
approaching the tip of the nozzle gate via the movement of the angular pin with the

corresponding slider mechanism, OR

B when the valve pin is at a partial open or closed position via the movement of the

angular pin with the corresponding slider mechanism.

10. The improved hot runner injection molding system according to claim 9 wherein the said
injection molding tool contains at least two (2) or more cavities corresponding to the
shape and dimension of the product to be molded; wherein

o the tool comprises of at least a front fixed part, a central moveable floating half
and a rear part which are moveable in relation to each other; and

o at least two (2) parting layers, with the first parting layer extending between the
front fixed half of tool and the floating half of the tool, the second parting layer

extending between the floating half of the tool with the rear half of the tool;
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14. The improved hot runner injection molding system as according to claim 9 wherein the motor device
to actuate the rotation of the gear is a servo motor. 15. The improved hot runner injection molding system
as accor%rﬂga}g &laim S wherein the motor device to actuate the rotation of the gear is a linear motor. 44
(2MBN SBHR SG) ABSTRACT The present invention relates to a method for use in injection molding with
the capability to have precise and adjustable control of the molten plastic flow when molding at least two
(2) nonidentical (i.e. with more than 50% difference in weight or form) or identical complex-shaped and
intricate dlastic pastsnaprihedaotatimer nitising anohdit witkterh leastcoal (2) madiaigndyendeiaia theandard
conventional injection machine. This invention incorporates the principle of having two (2) valve pins in
which their moveaiitHS! e atld Iasack laleedarrBehi fitgidn ity dsteidneshie ausEe aBRisaIled by
stepper, servo or linear motors linked to a separate independent tool controller. The two (2) valve pins are

positioned at thd¥GEAHG Al SPHERLIPFSPULARNGHMP!EBack or multi-layer mold with multiple cavities.
Use Figure 1.

12. The improved hot runner injection molding system as according to claim 9 wherein the
movement of the valve pins within the floating half of the mold are independent of each

other and in a pre-determined sequence.

13. The improved hot runner injection molding system as according to claim 9 wherein the

motor device to actuate the rotation of the gear is a stepper motor.

14, The improved hot runner injection molding system as according to claim 9 wherein the

motor device to actuate the rotation of the gear is a servo motor.

15. The improved hot runner injection molding system as according to claim 9 wherein the

motor device to actuate the rotation of the gear is a linear motor.
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(2MBN SBHR SG)

ABSTRACT

The present invention relates to a method for use in injection molding with the capability to have
precise and adjustable control of the molten plastic flow when molding at least two (2) non-
identical (i.e. with more than 50% difference in weight or form) or identical complex-shaped and
intricate plastic parts at the same time, utilising a mold with at least two (2) parting layers via a
standard conventional injection machine. This invention incorporates the principle of having two
(2) valve pins in which their movements are back-to-back and can be independently opened and
closed as controlled by stepper, servo or linear motors linked to a separate independent tool
controller. The two (2) valve pins are positioned at the floating half of the mold for sequential,

stack or multi-layer mold with multiple cavities.

Use Figure 1.
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