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“inventi oWQ /¥ to a nethod and apparatus for injection FFE #Y1Bhrts by
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material into a nold cavity to forma nolded part. Background O The
I nvention 15 Injection nolding machines and certain processes for

i njection nolding are welINKEGTION MOLBING S(Y.STEMQ to known injection

nol di ng nmet hods, a PWT!HF distributed to a
nmol d having two hal ves which g$% then c ogﬁg upon one E%Lanother to forma
part in the shape of the cavity that is fornmed in the nold. Mre
specifically, in known injection nolding methods and processes, the nolten
material is supplied to the nmold froman injection nolding nmachi ne. The 25
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whi ch reciprocates linearly therein. During the injection nolding process,
the reciprocating screw noves toward the nold forcing 5 the nolten materi al
through a manifold and then through a plurality of bushings into the nold
cavity or cavities. The bushings are placed in the nold, at

Technical Field

The present invention relates to a method and
apparatus for injection molding. More particularly, the
10 present invention relates to a method and apparatus for
injection molding parts by sequential control of valve
gate bushings to regulate the flow of a molten material
into a mold cavity to form a molded part.

Background Of The Invention

15 Injection molding wmachines and certain
processes for injection molding are well known in the
art. According to known injection molding methods, a
molten material, such as plastic, is distributed to a
mold having two halves which are then closed upon one
20 another to form a part in the shape of the cavity that

igs formed in the mold.

More specifically, in known injection molding
methods and processes, the molten material is supplied
to the mold from an injection molding machine. The

25 material is fed into the machine via a hopper or the

like. The material is then transferred to a barrel



various | ocations depending upon the part to be nolded. It is necessary to
control the ampunt of 10 rmolten material that is supplied to the nold
cavity, §%ood/keed €qui red anount depends on the size, shapecTaideselggess and
~other factors of the part or parts to be nolded. The ambunt of nolten
material that is supplied through each bushing is typically controlled by
opening 15 and closing each of the valye gates based on time control. The
time at which the valve gate bushings open and close and the duration that
they are open and closed is predeterm ned by the needs of the particul ar

part to be_ mldsd and fyPe oheMabehiak heidie usedisTheseeare 20néypically
predet er mi ned through experinentation, i a consi dera@l anount
es.
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of the bushings are sequentially opened one after the other based on the

amount of nolten resin supplied fromthe 5 barrel as detected by r’%et ering
Y,

mechani sms associ at ed Iwi tif eBeReEFathe Val EFHRDs. “AGdi TTOMRAT i t he

patent,, molten material that is supplied to the mold cavity, as

the required amount depends on the size, shape,
thickness and other factors of the part or parts to be
molded. The amount of molten material that is supplied
through each bushing is typically controlled by opening
15 and closing each of the valve gates based on time
control. The time at which the valve gate bushings open
and close and the duration that they are open and closed
is predetermined by the needs of the particular part to
pe molded and type of material being used. These are
20 typically predetermined through experimentation, which

takes a considerable amount of time.

For conventional injection molding methods
utilizing a timer control, the opening period of the
valve gates can only be controlled typically on the

25 order of 0.01 seconds. Thus, due to various
uncontrolled factors, such as changes in the flow
resistance due to temperature and/or material viscosity
changes, the amount of molten material flowing through
the valve gates during a certain period of time cannot

30 be accurately controlled. As a result, it is known that

some rejects will be produced.



di scl oses opening and closing the valve gates without any overlap based on
the position of an in-line screw. As the valve gates are opened and cl osed
Wi t hout &nyogiéksewerl ap, the quality of the part can be af fpeghigds1a8t the
~time to manufacture such a part can be increased. Further, the type of
parts that can be nade with such a process can be |imted. These prior

nmet hods are basically unable to 15 congistently nonitor and control the
anount of material injected into the nold cavity with sufficient accuracy
to produce a high quality nolded part. Further, these nethods and

appar at uses requi re prohengedwsetetpoetli mes dismad osesulin ith Svaftagdagft nat eri al
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the pr%%ent overlap, the quality of the part can be affected, and
the time to manufacture such a part can be increased.
Further, the type of parts that can be made with such a
process can be limited.

These prior methods are basically unable to

15 consistently monitor and control the amount of material
injected into the mold cavity with sufficient accuracy

to produce a high quality molded part. Further, these
methods and apparatuses require prolonged set up times

and result in waste of material during the molding

20 start-up.

Summary of the Invention

It is an object of the present invention to
measure and control the amount of plastic or other
molten material flowing through the manifold and a

25 plurality of valve gate bushings by opening and closing
the valve gates based on an indication of the position
of a reciprocating screw of an injection molding machine
as represented by a separate linear potentiometer

attached to the machine.



invention to nmeasure and control the anount of plastic or other nolten
material flowng through a manifold and 10 a plurality of valve gate

bushi ngs vy 9os®ed ng and cl osi ng the val ve gates based on pcrreses/iilgear
~nmovenent of the screw, and/or pressure, or any conbination thereof. In
accordance wth the objects of the present 15 invention, an injection
nol di ng machi ne conprises a material _hopper for receiving material to be
used in the nolding process. The material is heated to a nolten state in
the barrel. The barrel ‘houses a reciprocating screw which axially

reci procates therein. Ifthe imitd alr@lapadi toojecf the sthew pzederected as
vel | as the ; ahsalihe Shofe2lag Qi cad: 16 mOhd Lheuparbebyiasciexternal |y
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cl ose the vaf4S Y egh?oga Sépg’ ie\(%:‘ielgfl1 aﬁ}}eovf%l\ﬁﬂé/}f e%?erels%r?g%h%ﬁf ?Zgﬁ of
material i ntold heanbty. cavity. The controller detects when the 30 nold is

cl osed before allowing the injection nolding process to comence. The

remai nder of the nold filling and packing process is_conputer controll ed.
WO 98/ 56564 PCT/ US98/ 118875 AGCHRETcatiadiakroR 1t s8ti hPGoMhfificdtt i on with

the |inear pptestiOPBtes RAeapaskt hAd $eASEH1t @heDANbont tdfe glesttiicon of the
reci procating screw. The controller n al b ceqd d i S0 jg£ation
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10 a plurality of valve gate bushings by opening and

closing the valve gates based on time, linear movement

of the screw, and/or pressure, or any combination

thereof.

In accordance with the objects of the present

15 invention, an injection molding machine comprises a
material hopper for receiving material to be used in the
molding process. The material is heated to a molten

state in the barrel. The barrel houses a reciprocating

screw which axially reciprocates therein. The initial

20 position of the screw is detected as well as the
absolute shot size required to mold the part by an
externally mounted linear potentiometer. The number of
bushings in the injection meold is also entered into the
controller which monitors and controls their opening and

25 closing and the operation of the valve gate system. The
bushings have valve gates which are controlled by pin
members to open and <close the valve gates to
respectively allow and restrict the flow of material

into the mold cavity. The controller detects when the

30 mold is closed before allowing the injection molding
process to commence. The remainder of the mold filling

and packing process 1is computer controlled.



Based on receiving the nold closed signal fromthe injection nolding

machi ne along with the systemready signal fromthe controller to the

i nj ecti owaows/shisey machi ne, the reciprocating screw, undercreosurige; forces
10 nolten material into the nold. The opening and closing of the valve
gate pins allows the flow of nolten nmaterial into the nold cavities. This
is controlled by the PC based conputersgsystem based on the position of

the screw as determ ned by the linear potentioneter, the 15 pressure in the
nold cavity as determ ned by the pressure transducer, and/or tine.

Addi ti onal features andredvantiagedsl eaf J'Ishealsmf e'ﬂenctorimmemito'mmvi vithecone

apparent to f I t OW ng
detail ed 20% gesglrl ét%éo Oéféhil%e?{eetsren | on. géélr‘%ge% %es@??%i#%n of the
Dr awi ngs Fi gite qugta%lu a8é \?h@vmq:mm%tnram iregh  ThPe€PRBROABERHI ng

machi ne in ac;c‘algf danee Wd hppapsef err e@bm@mm lQFLthh%. pb@égghre
i nventi an; igure 2 is a cross-sectional view illustr
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pin, in accor nce vmth a ferre enbo esent invéntion;
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control the qpemive a%é&@%‘l@go@ﬁtlﬁgm&@f@%l tynd@sr vlesss gt esokased on a

tinmer to nold articul ar, part
10 mgit n materlalp

ntd the mold. The opening and closing
of the valve gate pins allows the flow of molten
material into the mold cavities. This is controlled by
the PC based computer system based on the position of
the screw as determined by the linear potentiometer, the
15 pressure in the mold cavity as determined by the

pressure transducer, and/or time.

Additional features and advantages of the
present invention will become apparent to one of skill
in the art upon consideration of the following detailed

20 description of the present invention. -

Brief Description of the Drawings

Figure 1 is a side view illustration of an
injection molding machine in accordance with a preferred

embodiment of the present invention;

25 Figure 2 is a cross-sectional view
illustrating the communication between the barrel and
the mold cavity in accordance with a preferred

embodiment of the present invention;



Figure 5 is a bar chart illustrating a nold fill sequence used to contro
the opening and closing of 10 a plurality of valve gates based on |inear
screw peehbvégse4 0 nold a particular part; Figure 6 is a Gcagl®sniig?
“illustrating the system configuration which defines the input of devices
or paraneters to control the valve gates in accordance with 15 the
present invention, Figure 7 is a diagrgmillustrating the valve gate
configuration to be entered for each specific valve gate in accordance
with the present invention; Figure 8 is a diagramillustrating the system
20 status in manual comigwte aBl ovd Nngnopenl uwgr: wadi et 08iENga obushiiegi ndi vi dual

gates on setu rio t e s gure 9 is a
diagramil | usr? 3 é I{ t%eqr%q‘ér%erﬁea{ga%]a lﬁé I}llgér W‘?lod%&g?lg%%gcﬁéowghegml di ng
process in Qse%ccm@aeml@o@}\mwtt het pﬁle%emtewrvténmwtwgw 56564

PCT/ US98/ 11187 -7 Figure 10 is a diagramillustrating the system status

after conpletion of a nplding process in accord e Wth the present
i nvention; Figure 11 |§l%96?aéréﬁ|QI?Eﬁr%P?ﬁb fﬂ2u§EFFF§ngS %osi tion
screen jor af 51 hgd equ@et rosad ity ceatewli nheacpen dagcanadi d:]hoshh@ prfesent

{nvention: FLoufe 29,19 8rdlagrambLLusELabiing, ! Ue ualete - 0akA 4
conflgurat|on creen r I rocat|ng screw systemin accordance
with a prefepaetdienbadi pentiof the 10 present |nvent|on Figure 13 is a

diagramillustrating the verify home position screen for the dual

reci procati ng screw , , _
P g Figure 5 is a bar chart illustrating a mold

fill sequence used to control the opening and closing of
10 a plurality of valve gates based on linear screw

position to mold a particular part;

Figure 6 is a diagram illustrating the system
configuration which defines the input of devices or
parameters to control the valve gates in accordance with

15 the present invention;

Figure 7 is a diagram illustrating the valve
gate configuration to be entered for each specific valve

gate in accordance with the present invention;

Figure 8 is a diagram illustrating the system
20 status in manual control allowing opening and closing of
the individual gates on setup prior to commencement of

the molding process;

Figure 9 is a diagram illustrating the system
status prior to operation of the molding process in

25 accordance with the present invention;



systemin accordance with a preferred enbodi nent of the present invention;
and 15 Figure 14 is a diagramillustrating the system status prior to

oper at i oRy®bg/dddes nol di ng process for the dual reciprocat ipg@ es/emssyst em
enbodi nent of the present invention. Best Mdde For Carrying CQut The
I nvention 20 Figure 1 illustrates an injection nolded machine 10. The
machine 10 is used in the injection nol-ding process to service a nold
which forns nolded parts. The nol ded parts are preferably plastic.
However, it should be understood that the parts can be 25 nolded from any
suitable material. TheFhmehs i 16 psdpagranfilamduyjaciionhebdisign syst em
and i ncl udesg @?@@éergg{epopgg&pigtgggt Leceipves Y@ 38/ 56964.BCT/ Wg98/ 11187
a

-8 the materi in a non-nojten form Such material is
preferably | #CEPEIROFP BFCpetPRtRISTIRE eVt mire fed into the hopper 12
and are transferred directly to a barrel 14 associated with the nmachine

10. 5 The pellets are Pl%%rré% f%;g$ﬁggagg%a£ lggtfg@fﬁ% Ghe Reatier af or the

i ke (not shown) on the arre I nc es a reciprocating
screw 1% recdpe oees i picn errden tfor Aj 8eRItRer Al PEPCHBERY i FTYSNMLE t he

mol d. The re&b@é?&éﬁb@Qw%Ehthéﬁpﬁé§Qn@01§vé§tﬂoAO pi ston and can be
pressurized to drive the nolten material to the nold. The machine 10

further includes a notor 18 which drives the reciprocating screw 16. The
injection nolding machigaré0i1bassaapalagodimnbChustergt atensh@3ial2és 15 A

pair of nDldghglVggnglguratgghg§g§%ég fAE 4 88Q1 reciprocating screw
system in accordance with a preferred embodiment of the

10 present invention;

Figure 13 is a diagram illustrating the verify
home position screen for the dual reciprocating screw
system in accordance with a preferred embodiment of the

present invention; and

15 Figure 14 is a diagram illustrating the system
status prior to operation of the molding process for the
dual reciprocating screw system embodiment of the

present invention.

Best Mode For Carrying Out The Invention

20 Figure 1 1illustrates an injection molded
machine 10. The machine 10 is used in the injection
molding process to service a mold which forms molded
parts. The molded parts are preferably plastic.
However, it should be understood that the parts can be

25 molded from any suitable material.

The machine 10 is part of an injection molding

system and includes a material hopper 12 that receives



positioned on respective platens. The first platen 23 is stationary while
the second platen 25 is noveable by a notor to nove the nold halves 20, 22
i nt o contypgbgméskdr one another. The first nold half 20 is pdi/G9mLgy cati on
20 with the barrel 14, while the second nold half 22 is noveable toward
the first nold half 20 into a closed position whereby the two nold hal ves
20, 22 forma nold cavity 24, in the shape of the part to be nolded. The
barrel 14 is in conmunication with the 25 first nold half 20 and thus the
nold cavity 24 at a first end 26. The nolten material is forced by the
moverent of the madeicdatingbscrewded tiy oughopheotFest foad 2Dt the

barrel 14 andatBt@ad medi pobdewhbhyainpl t@l Ebynofom %SBQ@M\@VS 28he The
passageways 28

turn 3 re in c nlcatlonvvl e mani fold and a
plurality oPev};F\?é 6§Fe%ﬁ§sﬁ1‘ﬁ§s BT if tﬁ{éi]fafl?estt%rfi‘fp%%lf?g 20. The
reci procati ngizerewylBoaet bakirke a4passonlanddvm9}8/61666mamm¢JSQ<8/ 11187
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therewi th. The n ve gate bushi t eir. location on the
surface of theaftierst Afpltdiehadlikeo(naly sy r;Pfdeﬁf}éﬁh FeE ehott t heT8%ze and

shape of theppakieior Qartsltn@llaaegol ded. Iéuiprbbatmﬂgbersefevpassageways 28
in the manifold will also gcreaseg ortlot[}g Fyl The EOWR ﬁer §2 such
as a Penti umrEGHEFEER GO GEFS LRI Fowe D For U hhter PAEE AP owing a user
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board, "a dri oarg an an% I og boar are also integrated into the
conput er 32. mﬁf’i@s‘éal to the mol

The machine 10 further includes a motor 18
which drives the reciprocating screw 16. The injection
molding machine 10 has a pair of machine platens 23, 25.

15 A pair of mold halves 20, 22 (Figure 2) are each
positioned on respective platens. The first platen 23
is stationary while the second platen 25 is moveable by
a motor to move the mold halves 20, 22 into contact with
one another. The first mold half 20 is in communication

20 with the barrel 14, while the second mold half 22 is
moveable toward the first mold half 20 into a closed
position whereby the two mold halves 20, 22 form a mold

cavity 24, in the shape of the part to be molded.

The barrel 14 is in communication with the

25 first mold half 20 and thus the mold cavity 24 at a
first end 26. The molten material is forced by the
movement of the reciprocating screw 16 through the first

end 26 of the barrel 14 and into a manifold with a
plurality of passageways 28. The passageways 28 in turn

30 are in communication with the manifold and a plurality
of valve gate bushings 30 placed in the first mold half

20. The reciprocating screw 16 acts like a piston and



boards are all commercially avail able. The conputer 32 15 al so preferably

i ncludes a commercially avail able touch screen or flat panel display.
Figure 3 wbbgséseat es a val ve gate bushing 30 adapted to rpeaaisg 1@yt en
~material fromthe barrel 14. The valve gate bushing 30 has a valve gate 31
that opens 20 into the nold cavity allowing nolten material to flow
therethrough. A pin 33 is also included _which noves back and forth to open
and close the valve gate 31 and thus control the flow of nolten materi al

t heret hrough. The operation of these bushings 30 is well known in the 25
art. Figure £siid usdvad esovmnaloie gatlel cant reldrées toliceg chaetibadr

controlling {he oggnén%rand cI05|ng of a plurality of bushing val ve gates
31 based on ? g f'ed by the conputer 32. The respective valve 30
gates 31 are illustrated on the vertical axis of the chart while the

Cravel of the reciprooghing.Mss W l61</0a08/ 50564 PET LSS LLLEE - 10
time (seconds) is represented

t he rizon axi s I chart in
Figure 4 il bef#ateR Pﬁetﬁﬁlqu%qce §H§ e£$5? a Bé?tPEEFa? pdYY. It is
known i# thevary depahdihe seguende igizdiahd vahapesofakne gatreés @re 5
opened can be_v rled £ he r SO,
wel d 1ines cBA® ePi m ng%)i(geé Fpn%\l/%ad {%&g{#@%&%rﬁ |Fgﬁf5%9£éevgaq}o§fl tgﬁle part
by varying the tbeqmencéOlﬂ whithalse iatveasmtRECRAE: el and 8 osed. As

shown in Fi gﬁgﬁgﬁte@ ght bushifgs @Q@%hﬁdeq&%ﬁaé wﬁp&@@rplagmovaée

| ocated on t urface of the nold half obvi ous t hat
any nunber ofCrvaFge b%E%r%%%%|§&ﬁPW&PQx%1uﬁgru§8dln3ﬂ% E% {W T i s

10 However, the computer 32 can be any commercially
available computer. In the preferred embodiment, an 1/0
board, a timing board, a driving board, and an analog
board are also integrated into the computer 32. These
boards are all commercially available. The computer 32

15 also preferably includes a commercially available touch

screen or flat panel display.

Figure 3 illustrates a valve gate bushing 30
adapted to receive molten material from the barrel 14.
The valve gate bushing 30 has a valve gate 31 that opens
20 into the mold cavity allowing molten material to flow
therethrough. A pin 33 is also included which moves
pack and forth to open and close the valve gate 31 and
thus control the flow of molten material therethrough.
The operation of these bushings 30 is well known in the
25 art.

Figure 4 illustrates a valve gate controller

timing chart for controlling the opening and closing of

a plurality of bushing valve gates 31 based on time as
regulated by the computer 32. The respective valve

30 gates 31 are illustrated on the vertical axis of the

chart while the travel of the reciprocating screw 16 in



programmed with the required information on the volune required for the
part or parts to be nolded. Wile the 15 system shown in Figure 4, has
twel ve vaypesgases, only gates one through eight are usedtpdmuddghsigexanpl e.
~Thus, during set up of the conputer 32 prior to initiating the process,
gates one through eight are programmed to be "on" while gates nine through
twel ve are programred to 20 be "off" sipce only eight bushings are used in
this exanple. The conputer 32 sends a signal to the machine o indicating
that the systemis ready. Then the nold halves 20, 22 close and a signal

s sent to !AenEOTBYLERds) NdisCaldng ddiaied hon TohE harskoaedland ithe
i nj ection rocess i.s initiated. The reciprocating .screw r
pressure m)vqé}getgﬁfr ds"3 e ABI d 11 Ves® 26?12‘5 Fggr:glsn e T‘?%g Rt

g "holten plastic
toward the vakyeepgatefbushipast BOylawhimdrt opelt iis aocwrdanmcahd tairtt he set

valves. The ppLlen Jmteplahobl avel SkREOUIN: 1hes ORN WAl ¥gcgat esand into
30 the nold cavity 24 to formthe part. The valve gates, %neumatlc or
hydrantfc, aPEeperéf &2dbl5e s¥REASAd tactett edrewDasd/ 5856 22PETF J89ET 11187

-11 As shownckpethigegifbodi AEBL, Waare itheeyakwue gatediepentadd «f ose
based solely on ti [

time, at tine.0.00, valve te n er ng fi are
opened al | owi“ﬁfjednf)f)tgnHBPéSF?‘El?%lf?BWt%g?%?%r %%%.g%sq;%eﬁﬁ}g%r%%/ve%
continues toseouencatia poick jhstvaftegadedOasecondsed approddsrdel y 0. 40
seconds, val ve gate nunber six opens. After 3.6 seconds of total screw

travel tinme, valve gate nunber one closes. Valve gate. nunber one s thus
open for 3.6 seconds. AVaFPe%gatB AHFBEF fwoSbPRhsCAFRERIT AR S, 20
seconds gof senawchiavgh tigRr sbélBovsdae® on the surface of the mold

half 20. However, it 1is obvious that any number of
valve gate bushings 30 can be used. The computer 32 is
programmed with the required information on the volume
required for the part or parts to be molded. While the
15 system, shown in Figure 4, has twelve valve gates, only
gates one through eight are used in this example. Thus,
during set up of the computer 32 prior to initiating the
process, gates one through eight are programmed to be
“on” while gates nine through twelve are programmed to
20 pe “off” since only eight bushings are used in this
example. The computer 32 sends a signal to the machine
10 indicating that the system is ready. Then the mold
halves 20, 22 close and a signal is sent to the computer
indicating that the mold is closed and the injection
25 process is initiated. The reciprocating screw 16 under
pressure moves towards the mold halves 20, 22 forcing
molten plastic toward the valve gate bushings 30, which
open in accordance with the set valves. The molten
material travels through the open valve gates and into
30 the mold cavity 24 to form the part. The valve gates,
pneumatic or hydrantic, are preferably solenoid
actuated.



gate nunber four opens after 5.0 seconds of screw travel tinme and closes
at the sane tine that val ve gate nunber seven opens after about 5.4
seconds ato9gkegstravel . Valve gate nunber 4 was thus opaictiods@1d
~seconds. 15 After 5.8 seconds, valve gate nunber five closes and after 6.0
seconds of screw travel tinme, valve gate nunber six closes, preventing any

further flow of nolten materi al there%%tough. Val ve gate nunber five was
open for 5.8 seconds and val ve gate nunber six was 20 open for 5.6 seconds.
Val ve gate nunber seven closes after 10.0 seconds of screw travel tinme and

was open for 4.6 secondsshwbhl envahve @@b@dﬁm@her, wiverel ases vaflver 8.2
seconds and was open

seconds seconds .of s travel
time, valve %ﬁfﬁsnﬁﬁ%%ra?%r% °5% BpEhd In %éi%en c %?%sggheqéecgﬁgﬂﬂater
after 9.0 secabds gHtescnewmbéravene jaed Afiver dze 60pessAdsiliaivg gate

number ei ght mshei%ﬁs @fgserrlgbe'cag OPSN @l rLedQotegonds aandnthesdmid fill
sequence is conplete. It should be understood that all of these tines are

appr oxi frat i OASNE3DUAE GPsEGYEer 'Atafo\RS I e catite %ﬁ Sard aht e W t he screw
16 as well agpbhexyahrelgabesbushidgss 30;aloperjang andbeel sk ngpare. val ve

gates 31 bas can_resu an,_une S t i ng
process and §gE§F|§ %E?@%?%%%Gﬁéﬁf*fﬁs&gffTﬁéggggizt%@%ﬂ??%f?%q%géiject
because of taamiechooe c@osbsttl@alnﬁlgehenau@bﬁalOb@|wgs|%b%%t%@e$nto t he

mol d. Over ”f%r COUf SEBERARI di NG, 1RAY RREL Snudibld S tﬁoa cpeaty fhcaat
expense. 5 AS Shown in Figure 1, the injection poldin h|ne 9f t he

pref er A8d enBdelFerh 2%l S6CPREFUGES %Fr?WnEE?V?}aﬁ§Hﬁber - Tha Y Fnear

transducer 34z@k number four opens after 5.0 seconds of screw travel
time and closes at the same time that valve gate number
seven opens after about 5.4 seconds of screw travel.

vValve gate number 4 was thus open for 0.40 seconds.

15 After 5.8 seconds, valve gate number five
closes and after 6.0 seconds of screw travel time, valve
gate number six closes, preventing any further flow of
molten material therethrough. vValve gate number five
was open for 5.8 seconds and valve gate number six was

20 open for 5.6 seconds. Valve gate number seven closes
after 10.0 seconds of screw travel time and was open for
4.6 seconds, while valve gate number two closes after
8.2 seconds and was open for 4.20 seconds. After 8.0
seconds of screw travel time, valve gate number three

25 opens and then closes one second later after 9.0 seconds
of screw travel time. After 14.6 seconds, valve gate
number eight closes after being open for 7.40 seconds
and the mold fill sequence is complete. It should be
understood that all of these times are approximations.

30 As discusse” above, because of variances with the screw
16 as well as the valve gate bushings 30, opening and
closing the valve gates 31 pased on time can result in

an unevenness in the mold filling process and usually



| i near potentionmeter is in comunication with the conputer 32 to nonitor
the position of the reciprocating 10 screw 16. The |linear transducer 34 is
conpri sedyvobs/gges encoder that is attached to the nachi ne PeTarsdsprigduces
~an output to indicate the position of the screw 16. Thus, in accordance
with the preferred enbodi nent of the present invention, the opening and
closing of the valve 15 gates 31 can be,also controlled by the conputer 32
based solely on the position of the reciprocating screw 16.

Alternatively, a pressure transducer (not shown) can be included to nonitor

the pressureciguihe iAohLd regwicty R4 hsdaing: @b aceeh dbreebby liinclilke nol d
20 cavity 24 o

at the ent ce to, the valve gate bushings 3 asure
t he pressure ‘Bi%%?e‘Ha'b?r%?\%%W%nm]r’F‘a?te%lt alln[%h tt%he ca\?{lqt yof% '?‘hreéepr essur e
transducer seudseamfelectidinal memypuasignakhte tiee somianeif 1Z2anto

control the g énﬁggln accordance with the input 25 paraneters. Figure 5
illustrates a fill sequence simlar to that shown in Figure 4.
However, the nold fill sequence of Figure 5 is based on the |linear screw
positiog, as indicatedaby stdeml ilearidupnsducene34 njatiinst ead difndy time.
As shown in Fi re 5, prior to . niti.atiqn of e i ti,
process, the™EroBFs 4t@%TP6§§§Ffff8fm 4%%%%%&“%#5 Zlg%lnggranned such
that val ve gateesunberansdmest hddugh fihee éhdeéévéﬁaﬂﬁﬁQQ%Hn3éré¢¥urned

"on” as they, Wﬁkk b?o%hk&%ﬁ@tb? the piﬁceéémmt@hléatv%x\{e @atle  wwarbers six
and nine throd ve are turned "off" as 5 th %y are not used |n t he
process for pﬁrn@uﬁ&rt BeuFarmopiqr the position o ng

10 screw 16. The linear transducer 34 is comprised of an

the reciprocati

encoder that is attached to the machine 10 and produces
an output to indicate the position of the screw 16.
Thus, in accordance with the preferred embodiment of the
present invention, the opening and closing of the valve
15 gates 31 can be also controlled by the computer 32 based

solely on the position of the reciprocating screw 16.

Alternatively, a pressure transducer (not
shown) can be included to monitor the pressure in the
mold cavity 24 by being placed directly in the wmold

20 cavity 24 or at the entrance to the valve gate bushings
30 to measure the pressure created by the molten
material in the cavity 24. The pressure transducer
sends an electrical output signal to the computer 32 to
control the system in accordance with the input

25 parameters.

Figure 5 1illustrates a mold £fill segquence
similar to that shown in Figure 4. However, the mold
£ill sequence of Figure 5 is based on the linear screw
position, as indicated by the linear transducer 34,

30 instead of by time. As shown in Figure 5, prior to

initiation of the injection molding process, the



Once the conputer 32 receives the signal that the nold halves 20, 22 are
cl osed and the systemis ready, the injection nolding process is
initiatedvodf)sdeased on the | ength of screw travel, valve geatraysosiagrs one
~through five and seven and ei ght open and close in response to certain
positions of the reciprocating screw 16 as detected by the |inear
transducer 34. Figure 5is a graph illustrating the valve 15 gates 31 on
the vertical axis and the screw travel in inches on the horizontal axis.
After initiation of the injection nolded process, the screw noves fromits
starting postdnmrtg203D 1mcﬂm:e<3g)yrammdswa¢lel yhattealvengtiat hombefst he

process at : Y OuL--OpERSgVakye gate nunber
four cl oses eggc1 § |nfc\<§és a?‘SOg%tf 5]1;& scrg\f}:v !térgve | ). eAt 14. 8 inches

val ve gate rﬁ}mérwbhb Eﬁeh@,lléﬁédatml?.% PHRFRES VAR VS Yat¥enGRbSr three

opens. Val V%lﬂ%&@%ﬂl@rar@&ﬁi@mo@h ZItZ«zeZ.Viel’l(éh%S t@Zn@ed nofdf serew
travel) Val ve gate 25 nu

t i | t
nunber >t hr e Y 0888 Ao %szecg nélﬁe grb?rf%ess scgg\%gt }Qﬁ*a}i/ﬂé:ﬁ)cfﬁ alve g

al ve gate
nunber five pgens at 6.78 inches while valve gate nunber two closes at

6.62 inches (3.06 in. of- screw travel). Valve gate nunber seven opens at
4.64 inches, 30 valve (g{%te nunber five closes at 4.48 inches (2.30 in. of
travel ). Valve gate nuABe? ERYHECHPETRT at2 XFLIVSRHEE SHhdfalN@gat e

nunber sevenggd omciatha?lx?es ngbhes 280 984 56564eBC'E/rir£9t8V1é1358'§tem1415( 2. 44 in.

of screw travel ate nunber at . 2.84 in.
of screw traE%f‘%ly’ éé i 1 osi™R a fngt h@r %és REELELLLE

Ves I rear position of
t he retcoprocahsad snrehelBength‘lawf neF eeactrree k. t\rmhve gate numbers

one through five and seven and eight open and close in
response to certain positions of the reciprocating screw

16 as detected by the linear transducer 34.

Figure 5 is a graph illustrating the valve

15 gates 31 on the vertical axis and the screw travel in
inches on the horizontal axis. After initiation of the
injection molded process, the screw moves from 1its
starting position (20.0 inches). Immediately after
initiation of the process at 19.99 inches, valve gate

20 number four opens. Valve gate number four closes at
14 .64 inches (5.35 in. of screw travel). At 14.8 inches

valve gate number one opens, and at 12.26 inches valve

gate number three opens. Valve gate number one closes
at 12.2 inches (2.6 in. of screw travel). Valve gate
25 number two opens at 9.68 inches while valve gate number

three closes at 9.52 inches (2.74 in. of screw travel).
Valve gate number five opens at 6.78 inches while valve
gate number two closes at 6.62 inches (3.06 in. of screw
travel). Valve gate number seven opens at 4.64 inches,
30 valve gate number five closes at 4.48 inches (2.30 in.
of travel). Valve gate number eight opens at 2.84

inches, and valve gate number seven closes at 2.2 inches



5 opening and cl osing them based on tinme. Setup tinme can also be
decreased. Turning now to Figures 6 through 10 which illustrate a

pr ef er r edventyssssarent of the conputer

control |l ed sequenci ngTadsoshasyal ve

~gate bushings 30 in 10 accordance with the present invention. Figure 6

illustrates the configuration of the systemwhich is set
comencenent of the injection nolding.;process. During set-up, the user
sel ect whether the nold fill sequence is to be based on tinme, position of
15 the screw 16, and/or pressure or a conbination thereof.

up prior to

can

Wil e only

ei ght gates areishomn bei ngnwedctave Bi gur aldeanthte mnimbert Bughdbbvi ous

| sod: 13
55 Alve gate bustings 30 nay beemployed and.Lhat the

that nore or
val ve gates

Yy open or close at dif tines

posi tions.

Addi ti onal | YQpahiny anidusl qrimemstierte vad valss®vbé ierangeesdépendPhg upon

the part to he QQEQEQOCEEQHQESQﬂeW usd r atesatrhendgref geeedapar amaner s

one enbodi nent of the presenf invention. The data in Figures 6 through 10
is all Pref RS TS e B QA &7 32 WA a % tb%clrr i

&

& &N,

for

Al ternativelylsa p@usecressad keyboard, can be used to input information.
However, other known apparatus for data entry may be wused. Further,

operator int
such par anet
wi t hout any

ends to nold a part based on previously set ugoparameters,

f M- <Ahd used

ers 30 canTwenpud| e®Wipter s gscevP oILPUSHY e
furtberaset yp %Péjfé\i'ié'@u'[erﬁwm@&@t tof € MR 98/ dnGhfidr
e

PCT/ US98/ 11187 -15_input t araneters as.the raneters fr the file
ConTHEoLySHORFEURRSIEE b6 GSBd BS ComAbrt XSS it il

W th 'stored

wll be used
parameigrs b

15

20

25

30

asedraantenmewiohparhaet eresent invention. Figure 6
illustrates the configuration of the system which is set
up prior to commencement of the injection molding
process. During set-up, the user can select whether the
mold fill sequence is to be based on time, position of

the screw 16, and/or pressure or a combination thereof.

While only eight gates are shown being used in
Figures 4 and 5, it is thus obvious that more or less
valve gate bushings 30 may be employed and that the
valve gates 31 may open or close at different times
and/or positions. Additionally, the various parameters
can also be changed depending upon the part ¢to be
molded. Figure 6 illustrates the preferred parameters
for one embodiment of the present invention. The data
in Figures 6 through 10 is all preferably input into the
computer 32 via a touch screen. Alternatively, a mouse
or a keyboard, can be used to input information.
However, other known apparatus for data entry may be
used. Further, if the operator intends to mold a part
pased on previously set up parameters, such parameters
can be pulled up from a previously saved file and used

without any further set up and without the need to re-

if the



based on screw travel. This is an advantage for a 5 machine that previously
ran based on tine, but is being equipped or retrofitted to run based on
screw poswbiogrsese4 The preferred systemal so all ows for conwersusys/iofs7t he
~paranmeters fromscrew position to tinme. The maxi mum screw travel distance
is entered 10 in box 42 and is shown as 15 inches. The allowable set for
t he honme position or starting point ofithe screwis 0.0625 inches, shown
in box 44. The maxi mumcycle tine is 25 seconds as shown in box 46.
Further, the system can be toggled to operate in netric by entering 15
mllimeters imsteadhef bavees enst e doxhd8 paThessersarfarmn ekBecdalal | be

varied or %Pf%ege dependi ngh JINQAs e ddh @ dri8Gd eR m%Ie‘al i app@katus. The box
40 i ndicate e output of _the ‘transducer which in t? E}referred

embodi nent | 5149 WACBHUEERFRS W%tﬁr%ﬁaﬁec&@r’lzltdﬂ}ee PrGEEFSESEs t he
gate confi gu}b@éé@n orf O§ctée \t&lawelgateThushilrr_g anneersmnegd hfough four to

be used_in conngection t h._ ol di D rt C C W .t e
parameters i Aput ?%t%h%{\% conputer 35‘%? é&%/g%q{qrgens%s teﬁgrlqubg upgr aded
to forty or ﬁquepﬁsdv‘arveegmést@%dn*‘e@e@slar@asﬂam VI RAY RS Beghi ng 30

has a buttontfQ b?@%e@&ggmgy%EQmOBQ%%t%ﬂlb%stQQQI%ddﬁerdﬂbn(Bf"&Hé" AS
shown, val ve gate bushing nunbers one rouag four are all in the "on"
posi ti on. EaEﬁr§§F9§rsg§F8m3§cﬁ§‘§ E‘E’SF‘EéQP FRo“tBFurms associated therewith

30 indicating the capabi I|ty for each valve gate to open and close nore
Lhan once Quring any ghgennBifeh QL0 SARB0L R0 1 ilercd
mol di ng process. For ve gate one opens and _closes twice in
this ome prodesyox 42 and is shown as 15 inches. The allowable set

for the home position or starting point of the screw is

0.0625 inches, shown in box 44. The maximum cycle time

is 25 seconds as shown in box 46. Further, the system

can be toggled to operate in metric by entering

15 millimeters instead of inches into box 48. These

parameters can all be varied or adjusted depending upon

the injection molding apparatus. The box 40 indicates

the output of the transducer which in the preferred

embodiment is 10 V, but this may also vary.

20 Figure 7 illustrates the gate configuration
for the valve gate bushing numbers one through four to
be used in connection with molding a part in accordance
with the parameters input into the computer 32.
However, the system may be upgraded to forty or more

25 valve gates as necessary. Each valve gate bushing 30
has a button 50 that allows the operator to toggle it
"on" or "off". As shown, valve gate bushing numbers one
through four are all in the "on" position. Each valve
gate 31 has at least two columns associated therewith

30 indicating the capability for each valve gate to open

and close more than once during any given injection



Val ve gate nunber one is opened the first tine at 7 inches as shown in box
52 and closes at 6 inches 5 (box 54). Valve gate nunber one opens a second
time at Wwdogisesdes as shown in box 56 and cl oses at 5.0 i pehasos/aagshown in
~box 58. Valve gate nunber two opens at 6 inches (box 60) and closes at 5

i nches (box 62), while valve gate nunber three opens at 5 inches (box 64)
and 10 closes at 4 inches (box 66), andéval ve gate nunber four opens at 3
i nches (box 68) and closes at 0.25 inches (box 70). The positions in the
vari ous boxes can be nodified as needed by the operator to change_the
openi ng andWel8dRagPBEESEEFonsFeF BHRTPOE . t il val FRt YR . OaHES 15 Dosi ti ons

of the renaleqagegakglg@tga,thﬁsngﬁgs§§5ﬁesgre not specifically shown in
this figure and will vary depending upon the part to be nolded. In the
preferred enbodinent, the screw positions are neasured based on a

pr edet er m ned ScreMISt&%ﬂwﬁggpobnnumhdrasnéhESS@E@deQhEréWEBS fimerpves

toward a zerq endi| :}Pcerpeo%lgé Oglaoﬁh %Sggke Sl%matrﬁn Aodes AS0s 1 petyded to

open al | gates I'S open. process warns the pin and is
preferr&d in §®¥e5ﬁdl di NglappPrEst Péw§e§u@ﬁea§pﬁaﬁ an8gfoREnS PR VRS

materials. 2% B dHched idd usidwal esn aocssany@tl aﬁJ@EdEB&@és sgteeno thaheal | ows an

operator to open _gates, nual n he |inear_trav f the
screw. This && e8FP"" | ike ?ﬁeg§ther égm%h %ﬂﬁtl%ﬁ#%fg%hg nol d
hal ves 20, 22ncFees | (e aﬁby£mdcﬂl¢$mssateﬂ/LSCB@SrépDEséﬁﬁedeyl?he bar

74, whichis fased ot d Nemddf AMBLL Ofplgcebyed Lhopebhenbinedl beansducer.
A status col unmm I's also present indicating various WO 9 %
PCTI US98/ 11182 osepy at 4 inches (box 66), and Valve gate number our
opens at 3 inches (box 68) and closes at 0.25 inches
{box 70). The positions in the various boxes can be
modified as needed by the operator to change the opening
and closing positions of each of the valve gates. The
15 positions of the remaining vale gates, if necessary, are
not specifically shown in this figure and will vary
depending upon the part to be molded. In the preferred
embodiment, the screw positions are measured based on a
predetermined screw starting point and as the screw
20 travels it moves toward a zero ending position. A
disable button 72 is also included to open all gates
while the mold is open. This process warms the pin and
is preferred in some molding applications such as for

heat sensitive materials.

25 Figure 8 illustrates a manual operator screen
that allows an operator to open gates manually while
watching the linear travel of the screw. This screen,

like the others, indicates the position of the mold

halves 20, 22. The liner travel of the screw 1is
30 represented by the bar 74, which is based on the
information received from the linear transducer. A

status column 76 is also present indicating various



systeminputs and outputs. The systeminput is a nold closed indicator 78
that tells the conputer 32 that the nold is closed. System outputs include
an al ar myb gétese80, a systemready |ight 82, and an ener geeayusstonsB4 5
~which can all be tested by operator activation. Figures 9 and 10 illustrate
t he sequence of opening and closing the valve gates. This screen is

di spl ayed t hroughout the nolding cyclejand it continuously changes so that
it can be nonitored by an 10 operator. The linear device data is shown on
bar 86. This data includes the maxi num vol tage output of the transducer,
t he maxi num tshatrem dirgtarceref dumowcr.ew, The hey s sirf{puichies @armold
mllimeters) the syst i opegrati.ng, LA; .t a f f hone,
and the 15 nﬁx%or?ﬁﬁﬁyéfamgat%ioﬁee%Tﬁéagt g%gésbg§§8ggﬁ¥?gét§r§%egﬁ% .e&q)%:nurrent
syst em st at usiolthe shoreogRsbi t | DS ERT sYBFRY Y 1ol yde oD t hEAERr eWRE shown
at 90, the presend g stancecaql thgwnel shbor driwe sScraveigershowcas 82, and
the tine elapsed is sh at 94. 'qﬁg) st at us bar 8%.%Iast0m%0 i ndi cates the
status of th &1t r?gm]sbe( 515 S GRe P78 “And SSysfem Ot put s (al arm

80, (systemready) 82, and (energency stop) 84. The valve gate status is

shown in the box 100 apdhe.d estzhand opariti ot Ofc d ey SCLegReMBLCBE
i ndicates 25 the val v?&géa%}ge nunbgr 102, the action of tha(tgm\a/al ve .gate 104

(whet her it oiramEndraefosd@pinghe e avel vof I8RES - scriBi St SWhERR the action
took place 106 sl ddie thiugtbushi Chhé he naldieRy t oekcpkaceardd8. iAs t he

screw position changes, the status of these val ve gates, change. 3Q _and the
i nformation &pPEars- ]t’)ﬁe‘r:lrt‘)%&g%% ?cﬁetgﬁpeﬁvt F?SVEFS‘“PP&%%H%? %grr%nposi tion
t hr oughout i tspseitdengt Theofl iteaveldevEiqurdatk) is | skovat es bhe Heat us of

the This data includes the maximum voltage output of the

transducer, the maximum travel distance of the screw,
the wunits (inches or millimeters) the system 1is
operating in, the allowable offset from home, and the

15 maximum cycle time. The status bar 88 illustrates the
current system status. The home position or starting
point of the screw is shown at 90, the present distance
of travel for the screw is shown at 92, and the time
elapsed 1is shown at ©94. The status bar 88 also

20 indicates the status of the system inputs (mold closed)
78 and system outputs (alarm) 80, (system ready) 82, and
(emergency stop) 84.

The valve gate status is shown in the box 100

on the left-hand portion of the screen which indicates

25 the valve gate number 102, the action of that valve gate
104 (whether it opened or closed), the travel of the

screw at which the action took place 106, and the time

at which the action took place 108. As the screw
position changes, the status of these valve gates change

30 and the information appears on the box as the screw
travels from its home position throughout its set length

of travel. Figure 10 illustrates the status of the



WO 98/ 56564 PCTI US98/ 11187 -18 systemafter a full cycle and thus all the
val ve gates are closed. There are a variety of internediate screens that
appear tlwougkssgd a singl e process, as can be under st ood pegnidIesasof skill
in the art. After the nold 5 closes, the box 100 is cleared, the screw then
returns to its hone position, and the process is again ready for
initiation to nold another part. Figurgsll illustrates a verify hone
position screen. This allows the operation to ensure that the 10
reciprocating screw 16 is in the home position prior to initiating the
injection nadyidegn cyideer d ffdhe sgelw aisd tiohs abll hehdonmelpesghien or

withinits al]o I ffs , rej : t . d Lther too
much or tO(;%%el %%g%ﬁ%t e;rlhgﬁgwaﬁa %e&%ﬁﬂroef\gﬁl%llge?ﬁgh%l .Slé?e%slgt he screw
is in the proper PeSERFONtNEMSRpET aforsimgle @LAGeShe BELHP 126 to
continue W tihddwesseda Ui cHide BESELLOD Oh thé SaFeCi prreeat ichg seLew i s show
in box 130 so its position g@g be vi‘ewed. Each of the val ve gate bushi ngs
30 may 3 ncl S = o] g‘ FoviE

S8y ot LenkeF tPatea>Ffidr e ThSCTRE S8RE0F P&V des

f eedback to tdel womputeepo32 tdent, 0aadyt het pooce akers Rgairhateadyl ergat e,
i.e, whet her.%ﬂeigg§gr«;cg5 vrgoy(glé/rgo,g[%xe E.ﬁ_:plp@.ned as required or not. If the
not ed,

val ve gate di open as requir e pressure could build up and
damage 25 the nold. The alarmwi |l be activated if one or nore of the

val ve gates did not Oplef%@ﬁerﬁQUEILEds@fa@éBeéWivéQiffyaihbﬁﬁ. pB¥is iprrovi des
constant feedback that. the i

the comput erS®5¢Rcei v&sSa & Stwgglmﬁléﬁs C?ﬁ)%#ﬁa%%&gn %déggﬂgéfg%ggp aeration
pot enti®net erecopracating screw 16 is in the home position prior to
initiating the injection molding cycle. If the screw is
not at the home position or within its allowable off-
set, a reject part will be formed as either too much or
too little material will be delivered to the mold. If
15 the screw is in the proper position, the operator will
click the button 120 to continue with the set-up. The
position of this reciprocating screw is show in box 130

so its position may be viewed.

Each of the valve gate bushings 30 may include

20 a sensor associated therewith. The sensor provides
feedback to the computer 32 as to any action taken by

that valve gate, i.e, whether the respective valve gate
opened as required or not. If the valve gate did not

open as required, the pressure could build up and damage

25 the mold. The alarm will be activated if one or more of
the valve gates did not open as required or otherwise
failed. This provides constant feedback that the system

is operating as reguired.

In operation, the computer 32 receives a
30 signal from an encoder, a linear potentiometer, or a

linear motion transducer. The computer can also receive



| i near notion transducer. The conputer can al so receive WO 98/ 56564

PCT/ US98/ 11187 -19 a signal froma pressure transducer, a tiner, and a

t enper at ww@ogeezkd ol i nput | ocated inside the nold cavity pdratsosmnistors the
~surface tenperature of the nold. Additionally, feedback can be provided to
the conputer 5 32 to confirmthat water is on and to ensure that an
overheat condition is not achieved in_the nold. The conputer 32 al so
receives signals fromthe injection nolding machi ne that indicates whether
the nold is in the open or closed position. 10 As the conputer 32 is in
conmuni cati o withal bﬁﬁorseparpaiﬁm di sémedtcdr omrt heimeachi aed 1@, t he

conput er and |n Qar e | ocat ed
at a p03|t|on =T 5t y% or rem)tei&q'%btEl lgca§%B EHSlé@ h@QMﬁﬁi%%@lQ%

the mac us, the operator can
be | ocated athd® anqrefA%s p&Set i %‘hréﬁ%le CAPTRATATHT S he f et n@Pocesses

via wires, fhherophhesy, | SEAGbABRS cafl eV @R kY deaderm tmddjdmmnaaﬁ y, files
cont ai ni ng setup |nfoQ§§tioqﬁand Earaneters c(¥ be dggﬂrgag%% one
conpute? to 3AnGCh&CTFurther HBtrEads He T Wh n aal

ernat|ve
enbodi ment obvéhheptesemmltuwmeWUsonotsashgwnedn1F1gdmesm92dthrdﬂgh 14.

this enmbod pga{but PO SOT LU0 ALE USGA! & PRI MEEDR Ikhkectd aree {84 di ng of

a part or s an I near potentionmeters or trapsducers are, included
on the rrachl meldihe matcam% JhateatnHbERFRT oneeEReBoSNEI AR 1HoriT ofs t he
first screM/tggdobga secendsganbbers ibhe second screw. The use of two
screws is useful In a variety of operations. In one enbodinent, wherein 12
val ve gates are needed to forma part, the first reciprocating screw can
be usedoto As the computer 32 is in communilcation with,

but separate and distinct from the machine 10, the
computer 32 and inputs such as keyboard, screen, and
mouse can be located at a position distant or remote
from the machine. Thus, the operator can be located at
15 a remote position and can control the machine processes
via wires, fiber optics, ISDN lines, or even by modem.
Additionally, files containing setup information and
parameters can be downloaded from one computer to

another to further decrease the set up time.

20 An alternative embodiment of the present
invention is shown in Figures 12 through 14. In this
embodiment, two screws are used to perform the injection

molding of a part or parts and two linear potentiometers

or transducers are included on the machine. The first
25 linear potentiometer position monitors the first screw
and the second monitors the second screw. The use of

two screws is useful in a variety of operations. In one
embodiment, wherein 12 valve gates are needed to form a
part, the first reciprocating screw can be used to
30 supply molten material to valve gate numbers one through

five. The second reciprocating screw can be used to



30 supply nolten material to val ve gate nunbers one through five. The
second reciprocating screw can be used to WO 98/ 56564 PCT/ US98/ 11187 -20
supply nwoesiseses eri al to valve gates six through twel vepdusasetiger
-enbodi nent, the reciprocating screws can each be used to nold a separate
part. For 5 exanple, the screws can be set up to nold two mating parts at
the sane time. For exanple, one screw.ggn be used to provide nolten
material to a manifold and a plurality of valve gates and to a nold cavity
to nold a cup while the second screw can be used to provide nolten 10
material to aupppar ahel tani frodukwmind ateepanatve phatasi tyix ofchealugh gates
and then to gw%ggarate nold cavity to forma mating top for. the cup. In
yet another e odi ment, the reci procating screws can be used to nold a
part where one reciprocating screw provides nolten 15 material to forma

skin for a part while the seeeRdr I @mHRIHAGRNILNT SUHLW R OMesadild en
material to forma corees%gg t he sage cg)art It shoul d _be understood that
the screws ofEFSYE &&Tdi R Wi eSO FiPtflel, SPPAFEE oA Sus tHat nore
than twe screwamaid,t hihe norsevdanatwbe2@Gdt ngar tor ardducers wanidbe used.
Furt her, one ;grccqégw (Eargheoggrn%teci;n% .op%@@(%@?alotg}ge gt £s, based,on screw

positions, “the second screw can be use pen and_cl ose the gates
based on tinmeseRi gup epreYidhr GiRjirer natesiaht Ecorfe M2BiERBAdIEENt2 of how

the conputer ,andagystemscanihe §atedPanbioropPsr Mbedt ¥RvVIEEi PHORBLIANG SCrews

to nold a part or_  parts. Figure 12 illustrates the gate cqnfiguration for
a dual IineaFuH’eW‘&Ees§§Feﬁ?g€m STYUrET HuStrst 58 BrOVlge nIE&
10 material to a separate manifold and a separate plurality

of valve gates and then to a separate mold cavity to
form a mating top for the cup. In yet another
embodiment, the reciprocating screws can be used to mold
a part where one reciprocating screw provides molten
15 material to form a skin for a part while the second
reciprocating screw provides molten material to form a
core for the same part. It should be understood that
the screws operate as discussed above. Further, it is
obvious that more than two screws and thus more than two
20 linear transducers can be used. Further, one screw can
operate to open and close the gates based on screw
positions, while the second screw can be used to open

and close the gates based on time.

Figures 12 through 14 illustrate one

25 embodiment of how the computer and system can be set up

to operate two reciprocating screws to mold a part or

parts. Figure 12 illustrates the gate configuration for

a dual linear device system. This figure illustrates a

screen for configuring valve gate numbers one through

30 four. However, as discussed above, 40 or more valve

gates may be utilized depending upon the part to be
molded.



screen for configuring val ve gate nunbers one through 30 four. However, as
di scussed above, 40 or nore valve gates may be utilized dependi ng upon the
part to bgoogmésded. WO 98/ 56564 PCTI US98/ 11187 -21 Val ve matesoguzers 1
through 4 are all illustrated as being "off", but by activation of the
buttons 200, each of the valve gates can be toggled to be "on" for
operation in the next injection nolding,p_cycle. A linear device button 202
is included to tell the conputer 32 to which reciprocating screw the valve
gate will be connected. The button 202 can be toggled froma "0" for the

first reciprocating screat® agade fudbdhe secamdtdueti pr4ocatrbnga§dr ew.

Ther ef or e, e 10 gate ton 200 , on he c t eck the
st at us of but%%ﬁ dgsee &%IC scr%éllsbgén%MJ%ggﬁég% he va#ve Igate The
screM/p05|t|omuemOMM|%%Oth@avhlvé QEEegalaﬁegaoeépéﬁnl@esﬁ@®ﬂ1§@ 2@4 whil e

the position gl whieh £¢dp LBerxakve galesnhar ed:a Ciﬁ?@ct%ﬁhﬁéﬂda_tn 206. As
with the single Ilnear evi ce system a pair of col i 0% Zlolﬁue
present al | owF¥igleachfgatBeRs SﬁgﬁCﬁDPEtFﬁ&nzoan&§ d&FlHé Jvér The
units of ﬁEaSuh@nEﬁﬁpUSeermeolmhuﬂhh&$c1bubceaﬁnbestmggl$®Ebyﬁﬁuﬁion 212
to be 20 neasured i LI r Fi gy i usthates, the verdifay hone
position screant ¥h?%”gF|O”§h8 geg era %r%%gtghéépg h 4% ﬁéﬁ&lé@
reC|procatlngfscmeas"@feﬁqrt¢ﬁ?hﬁhﬁsﬁogﬁﬂiEﬁOE@FbﬁgtécrﬁwlFpaﬁl 't he

mol di ng cycl egoLf thBesé%ﬁaﬁ rRl8 pird e ngd g@:&%@ﬁr mféxtéﬂmsa tiee wper at or
will click button 220 to contjinue mntQ set UB poshh} oﬁ{t@g
status of button 202 to see which screw is controlling

the valve gate.

The screw position at which the valve gates

are to open is shown at 204, while the position at which

15 the valve gates are to close is shown at 206. As with
the single linear device system, a pair of columns 208,

210 are present allowing each gate to open more than

once during a given run. The units of measurement is

shown in inches, but can be toggled by button 212 to be

20 measured in millimeters.

Figure 13 illustrates the verify home position
screen. This allows the operator to ensure that both
reciprocating screws are in the home position prior to
initiating the molding cycle. If the screws are in the

25 proper positions, the operator will click button 220 to
continue with set up. The position of the reciprocating
screws is shown in boxes 222 and 224 respectively so the

operator may view their respective positions.

Figure 14 illustrates the execute gate
30 sequence for a dual linear system. The bar 230

illustrates the parameters of the first reciprocating



screws is shown in boxes 222 and 224 respectively so the operator may view
their respective positions. Figure 14 illustrates the execute gate 30
sequence Wwolg@esdyal |inear system The bar 230 illustrat ggcf/hspgAgisanet ers
of the first reciprocating WO 98/ 56564 PCT/ US98/ 11187 -22 screw.
Specifically, the output of transducer (232) the maximumtravel of the
screw (234) , the units of neasurenment,§236) , the offset fromthe hone
position (238) , and the maxi mumcycle tinme (240) . The bar 242 5
illustrates the sane paraneters as shown on the bar 230, but for the
second reci progating speewsithelgyrrent Sigsws o5 shawadtioert hesRir st

reci procating screw on bar_244 while the current tu of second
reciprocatingtg%rgﬁﬁﬁgu§h6ﬁﬁugﬁ'b8% é%ﬁ? i%rﬁ%e(3?égra3j§ﬁ8u%?F%s?%ates t he
openi ng and chessugenéntt HE@3gat essles thégepcdumombasesl bATScPOF ULl or

time while the,statyggok Heh gatRs: alyany giNen idep, i sTehowar ate2250.
Wi le only onehgreferred enbodi nent of the 15 ipvention haﬁ?begghdescrlbed

her ei nabdve, tho4BCHREES HIRFISIRATANSGF e 28 FORMP OFetdyrii¥e 4 1at thi s

enbodi ment mayuberspdthtedeanddakeetpdowiat hogt sdegarting fromthe central
spirit and scope of the invention. Thus, the enbodi nent descri bed

her ei nabove is to be 20 considered in all respects as illustrative and not
restrictive, the scope Ghet reuyrament S6ALYSI nkf | ABPWAL P b Pehef Bpifended

claims, rat heEetﬁQEQO%tfihadfs%&eg%ﬁgbagSg@ai #hi 085t hansu atdn e hangess whi ch
e

come W nded to be race erein. WO /56564.PCTIU898/11%§7
of the second reciprocatlng screw is shown on bar 246.

10 The display 248 illustrates the opening and closing of
the gates as they occur based on screw travel or time
while the status of the gates at any given time is shown

at 250.

While only one preferred embodiment of the

15 invention has been described hereinabove, those of
ordinary skill in the art will recognize that this
embodiment may be modified and altered without departing

from the central spirit and scope of the invention.

Thus, the embodiment described hereinabove is to be

20 considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated

by the appended claims, rather than by the foregoing
descriptions, and all changes which come winded to be

embraced herein.



-23- What Is Cained Is: 1. An injection nolding system including an

i njection nolding machi ne for nolding plastic parts, conprising: 5 a
barrel fqyobv®s8b4i Ng a material to be used to injection wehdw§iiig: a
~heater associated with said barrel for heating said material into nolten
form a reciprocating screw |located within said 10 barrel to transfer said
nolten material toward a pair of noldJwl ves which when closed form at

| east one nold cavity therebetween in the shape of the part or parts to
be nol ded; a plurality of valve gates distributed across 15 a surface of
one of said pAhatols (lhilmed Is2s for receiving said nolten material and
transferring It to said at |l east one nold cavity; a linear position
transducer |ocated on sSai d Amméhiastiancorridine&vistemw thcsafdnsceew for

moni toring 2Q4he pesi hboRing sRictiser embASnbl ahegl pHacaies paibsn said
barrel; and a conputer in conmunication with said [inear position
transducer f &GPt Mding the position of said reciprocating screw, said

conputers al so i n commurd dadrtwel 25omi tdecehcingfa saadeplalk akot peofisedl ve

gates for opening . and i i.d. val ve gates based on the position of
said screw agtodejgnelre?n&nleoél %flélsr?gip}aﬁlt?sn'ear. position transducer. 2. The
i nj ection nol di ng syst em dleatleai messocdetaber el fhsa3af drolaeiFstat éPFal is

nol ten pl ast iy, Bing s 1 @edd 01k 1101 L Non SIS e i €1 @i m 2,
a reciprocating screw located within said
10 barrel to transfer said molten material toward a pair of
mold halves which when closed form at least one mold
cavity therebetween in the shape of the part or parts to
be molded;
a plurality of valve gates distributed across
15 a surface of one of said pair of mold halves for
receiving said molten material and transferring it to
said at least one mold cavity;
a linear position transducer located on said
machine in communication with said screw for monitoring
20 the position of said screw as it reciprocates within
said barrel; and
a computer in communication with said linear
position transducer for determining the position of said
reciprocating screw, said computer also in communication
25 with each of said plurality of valve gates for opening
and closing said valve gates based on the position of

caid screw as determined by said linear position

transducer.
2. The injection molding system of claim 1,
30 wherein said molten material is molten plastic.
3. The injection molding system of claim 2,

further comprising a plurality of sensors associated



further conprising a plurality of sensors associated WO 98/ 56564

PCT/ US98/ 11187 -24 wth each of said valve gates for determ ni ng whet her
sai d val weogsseseppened or closed as required. 4. The i nj edoramssmidy ng
systemof claim2, further conprising a pressure transducer associ ated
with 5 said nold cavity and in comunication wth said conputer for
determ ning the pressure in said noldxavity relaying it to said conputer
whi ch opens and cl oses said valve gates based on said relayed signals. 5.
The injection nolding systemof claim4, 10 wherein said conmputer opens
and cl oses sditth wdate ght esidbasédeoyadecontymaie varoinied dvippshieron of

said screw and sahd Pressureddl S d Rldcaw tqgurelhe inj ection nol ding
systemof claim4, further cConprising a tiner for opening and cl osing said
15 val ve gates based on tinme or position of said screw and tine. 7. The

i njection nolding system ofrid ainfek.c i otherridingais¢seenpoteclapens, and
cl oses said yval ve gates_ .based_on_a conbination of i I u jn said
o0 20 CaVia SEHd R LS OT AT AP SO o dR T SpsPeleERRbErhT
furthers conpydisi meplda ceedsydandciprovenimicatiawWidgdatsad d goRrusegond

barrel for Ff&nsfc?étrém[rg&%} en Bt ehidls tQ said 25 dmok@dieavichyicd A
met hod for injection nolding a plastic art, incl udlrzcg gw%slﬁrg ect.i.on
nol di ng machisreay Hiifg t® SBafr EPTRHESE YREFProRSDT Pt S eP&H, the
barrel in W 28/S65Hke PTL45984d 1dBild relayed signals.

5. The injection molding system of claim 4,
10 wherein said computer opens and closes said valve gates
based on a combination of said position of said screw

and said pressure in said mold cavity.

6. The injection molding system of claim 4,
further comprising a timer for opening and closing said
15 valve gates based on time or position of said screw and

time.

7. The injection molding system of claim 6,
wherein said computer opens and closes said valve gates
pased on a combination of said pressure in said mold

20 cavity and time.

8. The injection molding system of claim 1,
further comprising:

a second reciprocating screw located in a
second barrel for transferring molten material to said

25 mold cavity.

9. A method for injection molding a plastic
part, including an injection molding machine, having a

parrel and a reciprocally screw therein, the barrel in



-25 fluid comunication wwth a pair of nold halves, the nethod conprising:
closing said pair of nold halves to format |east one nold cavity in the
shape of wbespaed or parts 5 to be nol ded; positioning atpdieesds/ione
normally closed valve gate across the surface of one of said pair of nold
hal ves; providing a linear position transducer on the 10 machine to

noni tor the position of said reciprocatgng screw in said barrel;
programm ng a conputer associated with said nmachine to open and cl ose said
at | east one valve gates based on receipt of an indication fromsaid

| i near 15 positi@n domansducericrepresentatpaer obft heolpbshalvasof thsai d
screw, posit%gFégg gg&dr§g£§%Lin a hone position based on the part or
parts to be nobrded; "and nbving said reciprocating screw fromsaid home 20
position to an end postlPehngassiidg psdird Tonper@rhabvedpEr AT AT | east

one val ve gatgzbasgdeORothechi Nl inPOBLtsRMOf o Saikk SEW &S giatwr m ned by
said linear position_transducer allowing nolten nmaterial to flow into the
cavity,5thent8I8§iﬁﬁlgﬁpd at | east one valve 25 gate based on the |inear

position of said screwpasitdeteng aedldystsaink hbmmaﬁlposl©$©da t3larsducer
preventing gglten Ul i phef aRALLaWng hOLO e, eay! by 10e Thavdet hod of

claim?9, whePéin sa n materital is a plastic. 11. The net hod of
claim 10, whéeéivesa plurality of valve gates are positioned across the

providing a linear position transducer on the
10 machine to monitor the position of said reciprocating
screw in said barrel;
programming a computer associated with said
machine to open and close said at least one valve gates
based on receipt of an indication from said linear
15 position transducer representative of the position of
said screw;
positioning said screw in a home position
based on the part or parts to be molded; and
moving said reciprocating screw from said home
20 position to an end position causing said computer to
open said at least one valve gate based on the linear
position of said screw as determined by said linear
position transducer allowing molten material to flow
into the cavity, then closing said at least one valve
25 gate based on the linear position of said screw as
determined by said linear position transducer preventing

molten material from flowing into the cavity.

10. The method of claim 9, wherein said

molten material is a plastic.

30 | 11. The method of <c¢laim 10, wherein a
plurality of valve gates are positioned across the

surface of one of said pair of mold halves.



surface of one of said pair of nold halves. WO 98/56564 PCT/US98/11187 -26
12. An injection nolding system including an injection nolding nmachine

for ol diwgogseBéasti c part or parts, conprising: a pair @trRRbghfigd ves
whi ch when closed form 5 at |east one nold cavity in the shape of the part

or parts to be nolded; a pair of reciprocating screws each located wthin
a respective barrel and each screw in 6om"runl cation with said at |east one
nold cavity to 10 transfer a nolten met%eri al thereto; a plurality of

normal Iy cl osed valve gates distributed across a surface of one of said

pai r of mold halves far, f cgul 8hhDaciBe ALON A JyRler akbiomagol, oal d

barrel into said cavity; 15 a pali near _position_transducers | ocated
on sai d nachiiig ecsdeH I“Iorgréje%rngp(‘i?lctl"ll@ﬁ tfpéng‘ﬂééé}‘lgl A PLBFRLAI BAFFoRTwith a
respective sgaWd,0 dorprtioridde p05| t| on thereof; and a conputer in
conmmuni cation with each of sald 2 osition fran S

nonitoring the positi ot Wt eac% o sal s%ér)e%l%%dw}‘e%nf%gégggl cfiggfnural ity
of nor rSaI |y 0l obegsvabue getlds dvasied oin t heepsbrpeoroftheaparef oFai d

ScCrews. gwﬁerdéwjtq;tgé)qnmg ng systemof claim12, 25 wherein said
nol t en materl is a plastic. 14. The injection rmldlngsstimof Iaim13,
further conprising a plahr%ﬂ%yoéf ISEAEGRS S SRS weeh ealR35£ % ai d

val ve gates fprcided er ai nirgsphet hes  dartteval vandat eacpeneskrad cliased as

required. communication with said at least one mold cavity to

10 transfer a molten material thereto;

a plurality of normally closed valve gates
distributed across a surface of one of said pair of mold
halves for regulating the flow of material from each
said barrel into said cavity;

15 : a pair of linear position transducers located
on said machine, each linear position transducer in
communication with a respective screw to monitor the
position thereof; and

a computer in communication with each of said

20 linear position transducers for monitoring the position
of each of said screws and opening said plurality of
normally closed valve gates based on the position of

each of said screws.

13. The injection molding system of claim 12,

25 wherein said molten material is a plastic.

14. The injection molding system of claim 13,
further comprising a plurality of sensors associated
with each of said valve gates for determining whether

said valve gate opened and closed as required.

30 15. The injection molding system of claim 13,

further comprising a pressure transducer associated with



30 15. The injection nolding systemof claim113, further conprising a
pressure transducer associated with WO 98/ 56564 PCT/ US98/ 11187 -27 said

mol d caviyyy ogkded N conmuni cation with said conmputer for qeiaidsMilgg the
~pressure in said nold cavity relaying it to said conputer which opens and

cl oses said valve gates based on said relayed signals. 5 16. The injection
mol di ng system of Cl aim 15, wherein sa-d conputer opens and cl oses said
val ve gates based on a conbination of said position of said screw and
said pressure in said nold cavity. 17. The injection nolding system of
Caim15, 1@afidr hbed eauptisamgd in tdomerurfieratcdpenivighasdidl osnmgt sai d

val ve gates sed on ti Qr. pasiti id.screw and L me The

i njection nolt%g}lrng déaﬁsetrén%%&%gd g?lr% 1g?eg%g§§herl§i ngé‘%?d %%%%ut%?\;%%%ns and
cl oses said walleyigs é¢ thaseddorrmpeesbivibidornsnssand pressare®td said

mold cavity.andd igie Q2D G064 RETAdIA8/hl E8 §na1é8 AVENDED CLAI M5
[received by the International Bureau on 27 COctober 1998 (27.10.98)

original clains 1-18 replaced by anended clains 1-16 (6 pages)] 1. An
injectign nol di ng systam. i MHaidinjgcadonnnettiog spéeme ingdhiimelbor

mol di ng pl asti.c parts,._ . ggm{' iNng: ¥ eh SRl 58668l VhAgeagaBEErial to
be used to iwrﬂeecet%i%nsarrlnﬁf zgrl?dse?:gf ergst%?.ld;ssggj zit ed Wi th sgig barrel for
heating sai d et i@l AnceMPaREEACRoQf said position of said screw

and said pressure in said mold cavity.

17. The injection molding system of Claim 15,
10 further comprising a timer for opening and closing said
valve gates based on time or position of said screw and

time.

18. The injection molding system of Claim 17,
15 wherein said computer opens and closes said valve gates
pbased on a combination of said pressure in said mold

cavity and time.



a reciprocating screw |located within said 10 barrel to transfer said
nolten material toward a pair of nold hal ves which when cl osed form at

| east &@99%159‘1 cavity therebetween in the shape of the Raxiseghifddrts to
be nol ded; a plurality of valve gatesgdi stributed across a surface of
one of said pair of nold halves for receiving said nolten material and
transferring it to said at | east one nold cavity; a |inear position
transducer | ocated on said nmachine in conmunication with said screw for
nnnitorin? 20 the position of SMENDEDCEAMIMSs said screw reciprocates

wi t hi n saleeasdve@by hed Interrairpenadr Bineagorrimddi @ctoben W8 h(2Jail@. 98) near
position trngdiRlecladis det®raplacsd Rhampeaad: £ Eimss 1-19al @ Pages br ocat i ng
screw, said conputer also in 25 conmunication with each of said plurality
of valve gates for opening and closing said valve gates based on the
position of said screw as determ ned by said |linear position transducer.
AVENDED SHEET (ARTI CLE 19) WD 98/ 56564 PCT/ US98/ 11187 -29 2. The injection
mol di ng systemof claim1, wherein said nolten material is nolten plastic.

3. The injection mohdingagysigfeetishaidBXaing fdydhar, camiwiing a
plurality of sensors associated wth each of said valve gates for

det erm ni ag whéeksdons gicd didly enagdtimopemednot dshgsed ags ice AT, 4. The
i njection nnldingn§ysten1of claim?2 10 further conprising a pressure
transducefF°4856¢r4Péd with said nol d cavity and in conmunication with said

5 a barrel for receiving a material to be used
to injection mold parts;

a heater associated with said barrel for
heating said material into molten form;

a reciprocating screw located within said

10 Dbarrel to transfer said molten material toward a pair
of mold halves which when closed form at least one mold
cavity therebetween in the shape of the part or parts
to be molded;

a plurality of valve gates distributed across

15 a surface of one of said pair of mold halves for
receiving said molten material and transferring it to
said at least one mold cavity;

a linear position transducer located on said
machine in communication with said screw for monitoring

20 the position of said screw as said screw reciprocates
within said barrel; and,

a computer in communication with said linear
position transducer for determining the position of
said reciprocating screw, said computer also in

25 communication with each of said plurality of valve
gates for opening and closing said valve gates based on
the position of said screw as determined by said linear

position transducer.

AMENDED SHEET (ARTICLE 19)



conputer for determning the pressure in said nold cavity relaying it to
sai d conputer which opens and closes said valve gates based on said

rel ayed sWghi856564 15 5. The injection nol ding system of cl gciukes/iber ei n
sai d conputer opens and cl oses said val_ve gates based on a conbi nation of
said position of said screw and said pressure in said nold cavity. 20 6.
The injection nolding systemof claim4, further conprising a tiner for
opening and closing said valve gates based on tine or position of said
screw and tinme. 25 7. _The inpjectioon nolding of claim®6, wherein said
conputer opens and cl oes safg &Qﬂﬁétdépe§“%6§ééh DS &L oRbi RAREEN lof said

pressure in §abdeinl daiQanbiyeAndatiiea13QANENDER SHEET;(ARTI CLE 19) WO
98/ 56564 -30- PCTIUS98/11187 8. The injection nolding systemof claiml,

further conprising: a second reciprocating screw |located in a second
barrel for transferring nol f.gn I LeEkal to said 5 nDIg ca¥itx..9.2The

i njection nolding systém of "clai mjf, T M AT T | AR S BnR of 84N <
pluralitys of fuakiergatespriainde dpenadaand yCl osedAdErd hagserd aidegte. 10
10. An injection nolding_system including an injection nolding machine
for ol di ng glﬁpwﬁﬁqbpgﬁtsald valve gates for determining whether

said valve gate opened or closed as required.

4. The injection molding system of claim 2
10 further comprising a pressure transducer associated
with said mold cavity and in communication with said
computer for determining the pressure in said mold
cavity relaying it to said computer which opens and
closes said valve gates based on said relayed signals.
15
5. The injection molding system of claim 4,
wherein said computer opens and closes said valve gates
based on a combination of said position of said screw
and said pressure in said mold cavity.
20
6. The injection molding system of claim 4,
further comprising a timer for opening and closing said

valve gates based on time or position of said screw and

time.

25

7. The injection molding of <claim 6,
wherein said computer opens and closes said valve gates

based on a combination of said pressure in said mold
cavity and time.

30

AMENDED SHEET (ARTICLE 19)



or parts, conprising: a pair of nold hal ves which when closed form 15 at
| east one nold cavity in the shape of the part or parts to be nolded; a

pai r of wedfEgcati ng screws each located wthin a respeghisspasiel and
each screw in comunication with sar80-at | east one nold cavity to 20
transfer a nolten material thereto; a plurality of normally cl osed val ve
gates distributed across a surface of one of said pair of nold halves for
regulating the flow of material from each said barrel into said cavity; 25
a pair of linear position transducers |located on said machine, each |inear
position transducer ig. camainicdoom hdldingspyeteie ofcrE@@ i honi t or
the position thereof; and a conputer in comunication with each of said

30 |inear posithen IIRRISREEFS for nonitoring the position AVENDED SHEET

(ARTI CLE 19) WD 98/ 56564 REHISR/LPIB Eatidly okceanh dbcaaked stnews and
opening the plurality of normally closed val ve gates based on the_ position

of each ofssabnd sbaewsl Forl.trRmesfieymiatd onokbedi AGTSFsPem ™t SFafm 10,
wherein_said ﬂglten.naterial is a plastic. 12. The injection nolding system

of claim MMOYFurinelYconprising a plurality of sensors 10 associated with
each of said valve gates for determning whether said valve gate opened and
closed as required. 23 Ap L oot Lol MO %Y ¥\ ¥herl N6E V8L 00N 1,
wherein at least one of said plurality of valve gates
can be opened and closed more than one time.

10

10. An injection molding system, including
an injection molding machine for molding a plastic part
or parts, comprising:

a pair of mold halves which when closed form

15 at least one mold cavity in the shape of the part or
parts to be molded;

a pair of reciprocating screws each located
within a respective barrel and each screw in
communication with said at least one mold cavity to

20 transfer a molten material thereto;

a plurality of normally closed valve gates
distributed across a surface of one of said pair of
mold halves for regulating the flow of material from
each said barrel into said cavity:;

25 a pair of linear position transducers located
on said machine, each linear position transducer in
communication with a respective screw to monitor the
position thereof; and

a computer in communication with each of said

30 linear position transducers for monitoring the position

AMENDED SHEET (ARTICLE 19)



15 an injection nolding machine for nolding a plastic part or parts,
conprising: a pair of nold hal ves which when closed form at |east one nold

cavity gy ddigs@ghape of the part or parts to be nol ded; 3@raspsrsof
reci procating screws each | ocated w-8hin a respective barrel and each

screw in conmunication with said at |east one nold cavity to transfer a
nolten material thereto; a plurality of normally cl osed val ve gates 25
di stributed across the surface of one of said pair of nold halves for

regulating the flow of material from each said barrel into said cavity; at

| east one [YesSsyEE tdANsduGersdfew@aste opdRipg e eplnrsdidymd® cavity;
and, AMENDED SHEET (ARTI CLE 19) WO 98/ 56564 PCT/US1§411187. 1%% fonputer
Wi th which meimklaty | 63g6e8nevaliresSaEESt RARIAICEP | S nPESHIIN callon to

open and close sai d val es based on said pressure information which
is relayed ?%SQéﬁﬁﬁg%H%J¥5% y said 5 at |east one pressure transducer.
14. The injection nolding systemof claim13 further conprising a pair of

| i near position transducers |ocated on sai chi ne, chlei ngag 140
posi ti o® transducer i%ICOHWWﬁhﬁﬂ1§§¥%ﬁqhr%gfggl c%&?&gﬁcheM/to o t or

the positiopgt herept; andavhensi Pesahstec0aput eraopeastand cl oses said valve
gates based oh a conbination of said position of one of said respective

screws and said pressure is nonitored by said at | east 15 one pressure
transducer. 12. The injection molding system of claim

11, further comprising a plurality of sensors
10 associated with each of said valve gates for
determining whether said valve gate opened and closed

as required.

13. An injection molding system, including

15 an injection molding machine for molding a plastic part
or parts, comprising:

a pair of mold halves which when closed form
at least one mold cavity in the shape of the part or
parts to be molded;

20 a pair of reciprocating screws each located
within a respective barrel and each screw in
communication with said at least one mold cavity to
transfer a molten material thereto;

a plurality of normally closed valve gates

25 distributed across the surface of one of said pair of
mold halves for regulating the flow of material from
each said barrel into said cavity:

at least one pressure transducer tO measure

the pressure in said mold cavity; and,

AMENDED SHEET (ARTICLE 19)



15. An injection nolding system including an injection nolding machine
for nolding a plastic part or parts, conprising: 20 a pair of nold halves
whi ch wWhehofd@eed form at |east one nold cavity in the shapgeghifshe part
or parts Belng nol ded; a pair of recgprocating screws each located wthin
a respective barrel and each screw in 25 comunication with said at | east
one nold cavity to transfer a nolten material thereto; a plurality of
normal |y closed valve gates distributed across a surface of one of said
pair of nold halves for regulating the flow of material from 30 each said
barrel into said cavidy; cmpiNEaED SHEET (MRRIICLBaY A5 98} %6364 9B33-

PCTI US98/ 11187 a pair i hear .position S l.oca onsgQi d
nachi ne, eé?:‘??sf?‘fﬁg (%’ist US55 r ARsdtider” 3R u%{(}'oc%u'r%ﬁ{r?zatt%onggmgn

respective @fgggwt(gaq@nlteglyge (gggagn opakber eafn SSalﬁlnEpr$©@Q¥@d on
said machine; and a conputer in conmunication with said ti f gopeni ng
sai d pIurallm@O:mahD¢maMhyC@Id@%erh@V%d &8t 682 YasEATBHT §rg§ﬁﬁ|n ron of

time an scre 0si n i gtlon nol di ng system of claim15
further “co ?w%?%géagége g%%gu%ga%g ﬁ%%? or neasuring said nold cavity

pressure said pressure transducer in comunication with said conmputer,

wherein said conputer_15 opens and cl.oses d val ve gat a
conbi nation of said ptéssu Eeaﬁ83§§F&°HDFH’§%6V¥ pYS dptsr baagd 9

further comprising a pair of linear position
transducers located on said machine, each 1linear
10 position transducer in communication with a respective
screw to monitor the position thereof and wherein said
computer opens and closes said valve gates based on a
combination of said position of one of said respective
screws and said pressure is monitored Dby said at least

15 one pressure transducer.

15. An injection molding system, including
an injection molding machine for molding a plastic part
or parts, comprising:

20 a pair of mold halves which when closed form
at least one mold cavity in the shape of the part or
parts being molded;

a pair of reciprocating screws each located
within a respective Dbarrel and each screw in

25 communication with said at least one mold cavity to
transfer a molten material thereto;

a plurality of normally closed valve gates
distributed across a surface of one of said pair of
mold halves for regulating the flow of material from

30 each said barrel into said cavity:;
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time, and screw position. AVENDED SHEET ( ARTI CLE 19)
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a pair of linear position transducers located
on said machine, each linear position transducer in
communication with a respective screw to monitor the
position thereof;

a timer located on said machine; and

a computer in communication with said timer
for opening said plurality of normally closed valve

gates based on a combination of time and screw

positions.

16. The injection molding system of claim 15
further comprising a pressure transducer for measuring
said mold cavity pressure, said pressure transducer in
communication with said computer, wherein said computer
opens and closes said valve gates based on a
combination of said pressure and said mold cavity,

time, and screw position.
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