; e3e. m hhi\ kdkxn6>mrmmyv> | NJECTI ON MOLDI NG SYSTEM W TH SEQUENTI QﬁﬁE Hog
CONTROL Technical Field The present invention relates to a net and v
apparatus for injection nolding. Mxre particularly) the 10 present
invention relates to a nethod and apparatus for injection nolding parts by
sequential control of valve gate bushings to regulate the flow of a nolten
material into a nold cavity to forn1a hol ded part. Background O The

I nvention 15 |njection nol di nENJRETT BEN&S? STEMSses for injection
nol ding are well known in ﬁm 91.\5;?3“?‘%9 i on nol di ng

met hods, a nolten material, 'SucC astl ‘qNNﬂjjs to a nold
havi ng two hal ves which are then closed upon one 20 another to forma part
in the shape of the cavity that is formed in the nold. Mre specifically,

in known injection nolding nethods and processes, the nolte
supplied to the nold froman injection nolding nmachi ne. Themmwwwmmwmummrls
fed into the machine via a hopper or the like. The material 1s

transferred to a barrel 8 ~~ ~ -2 associated with the nachlne mhere it is
heat ed. The barrel houses a reciprocating screw which reciprocates linearly

therein. During the injection nolding process, the recipr 1 -

noves toward the nold forcing 5 the nolten materi al throuammmmmmw and
then through a plurality of bushings into the nold cavity or cgyletd €s. The
bushings ,are placed in the nold, at various |ocations dependi ng upon the

part to be molded. It is necessary tcolechmical Kield anount of 10 nolten
material that is supplied to the nold cavity, as the required anpunt

depends on the size, shape, thickness and other factors of the part or
parts to be nol ded. The anvtrhd pafesenkt envemnt son alelishals £& auppthed ddd ough

each bushing is tXﬁ%é?ﬁé&@(¥%QI595L8%£$HIHH%%HBBQ More particularly, the
10 present invention relates to a method and apparatus for
'1njectlon molding parts by sequential control of valve
gate bushings to regulate the flow of a molten material
into a mold cavity to form a nolded part.

Background Of The Invention

15 Injection molding machines 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
is 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



15 and cl osing each of the valve gates based on tine control. The tinme at
whi ch the val ve gate bushings open and close and the duration th#g )iy Bbe
open and closed is predeternm ned by the needs of the particular part to be
nol ded and type of material being used. These axe 20 typically
predet erm ned through experinentation, which takes a consi derabl e anount of
ti me. For conventional injection molding féthods utilizing a timer control,

t he opening period of the valve gates can only be controlled typically on

the 25 order of Qg3hc98eRAS; ANURe ql‘é%éﬁ?lev%fheggs neant polled. faghars,

such as changes in th ow resi stance to tenperature an
vi scosity change®2rfReé HRHSRE Bf TROFPEPCHRIRT i SAT Shied t“fﬁcd@éﬁctaﬁésval ve
gates during a cérnhearlgethedenf. t Dneiggntod idGebeianons bd iy pﬁ:@l&tefs@l | ed.

As a result, it it%ekwmptﬂa@acmgese«;qu%v\éﬂs' lcoag g gﬂgc‘?&m ing | -3

One known rret hod i1 s disclosed in I'n th| S gystem

the val ve gates &fe H‘QlEGE‘hF‘ﬁb%r%ﬁ‘ %&’éﬁ’t |aaF‘P9lf-)‘ﬁbﬁe%F‘%n@‘eé¥ Y OMFE ot her
based on the anpbunt pauradliten s£sibushippls ednktbonmhée bobar redvias, detrect ed

by netering mschacrgvﬁ_rgg_egssocgﬁge%u@htlgﬁgac;}eofpw e‘yal \Ae % e

Addi tionally, the patent _discloses I ng and 0SI ng ﬁve gat es
wi t hout any over IVAF ipxSedO6ACEARS p@ﬁ’iq}l’{‘%f“‘l’é’ﬁ FhRel PﬁétsE‘Pe‘W mEldete val ve
gates are opened and cl osed without any |0 overlap, the quality of the part

can be affected, and the tllrtre 19 mgggggggr etqsuEgn@ ﬁgr ttrgeanagguhgcr sed.

Further, the type of parts that ca process can be
limted. ThEGe pritereMisasialethalitalFyPRIHEs Eot 5@5‘“@%3?%‘(’9%4 RS
noni tor and cont re t e nied amooater dapehdgecded théo bhmenolshapau ty

wth sufficlent Jaiamed oy aduce 3abtaboausl Lhy gRbOCD: PaLtes RS 1A

t hese net hods and apparatuses requi "in
wast e of materialm g Mhe #ﬁPHPﬁgOQO“%Jtta?Q m&ersahrﬁhytofsm@ﬂ’%u on

It is an object ofhidigyileRe®NbubhYREtiON fidmAUconzrdltent bol opdreigrount
of plastic ?g ot hery rr%Il%%n nat earétﬁ;oél q:\ﬁenngdgu%ttege 'F%QQO"’“ an g 25

plurality o val v& gateée opening an e valve ga
based on an i ndi cegntorPlof frlhé bb@?tarfoh’héﬁhathﬁe‘&]pf%(%tt-T%@%éﬁ-éﬁﬁde%

i nj ection nol di ngaf@EIGK agdr eRE aRRNIIhOY ratsepey aixre |dgwAanAct Eosédet er
attached to the nacrgfgaeteé%lned by thg needé’of the particular part to
be 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.



It is arelated object of the present invention to neasure and contzraolg‘r_.t(ﬂ_he;-;;;ga
anount of plastic or other nolten material flowi ng through a manifold and a™"
plurality of val ve gate bushings by opening and 5 closing the gates based

on the cavity pressure in the nold cavity. It is another rel ated object of

t he present invention to neasure and control the anount of plastic or other
molten material flowi ng through a manifol d3and 10 a plurality of valve gate
bushi ngs by openi ng and cl osing the val ve gates based on tine, |inear
moverent of the sorew andpgr RRESRURE:nQE ANV CONRIAAL 19N ot ke 8ak ook
accordance with the objects of the presen 15 S ivention, an i nj ectron
mol di ng machi ne @Bhpﬁ$§@§'§1ﬁateFPaEhh§p§E$t¢%f e aradivieg 9aseer Pal the be
used in the nol dinghineeessre Tdequeaiwlraldly | SpdiRal ashd Oafc 4| tRE stake in

the barrel. The USgs i i screw whi .

reci procates the?:galrs{(la?i fﬂg 1 ni t%ﬁuggo%%5| l|to%(‘r;]l oﬁ‘este‘{ﬁle Ssu.%gvlv%lés%%éﬁegpgd as
wel | as the JbsolRAEFhots sAgEeFeYdi P¥d Mesafdng tIREhaariemgy agsosiasedal |y
mount ed |inear patiat ieqedt ef. cH8evalwdesfamdfs bugshdngsohal 1e dHy @atiears nol d
is also entered intQ.qt c rqller i i tQrs C rals.. (M
openi ng and 25 cl%&ss%nlg%ﬁd t gqggeragg]o%%o%E@hé:%\?alv\?agq'éaa;a%tts?%s%e%% te
bushi ngs have val3 giteilaghib@gedr encéher 8PEéHipy f namehberidie %% and
cl ose the val ve gat eshé ovabepeghtyel wral lopanatd ahastdliosledt hathbaw Ghny
mterial into the, gl cavily.o e Conls Qller, del eels e i B0 MRl i s
cl osed before allow ng_pt he 1 njection nol ding "process to conmence. e

remai nder of the Ff dt¥T¢ | FRHgrIRRE PRI F YR RAL s GUhThA efRERRTS 1 ed.
iJ G 4 a -S The p@fiHed | @hel 8ypeSOf | PaLOSMRHUL AfanOBeWnbhBe LBk INEAT a
potenti oneter or %oéscltlsonca%e%%or Q. Agni tor the position of the

reci procating ScCrew The controllller can al so be placed in comuni cation
wWth a pressure 5 transducer to nonitor the pressure in the nold cavity.
Based on receiving the nol crrelsesesig:gnmdeHddamdhe bhayreiiign umitdiengo
mechi ne along wi thod he. sygtemeady.shanalofrom the combel Lerndotin

i njection di ng” Mechi ne, ]tyhe récrprocatrng screw, under pressure, torces
10 nol ten mat eri alniegted himtplthe Ml bpavity addhcseSEAgient t MECWERASE gate
pi ns a: : O\(/ivsbt hehft@%ﬁédm te g Q:fda’:!llitiyntnfgllilég @sah:dhcavhf'uesr, Tthesd s
controlled by the P se o) ter. systembas on ositi e
screw as determ n‘g%lg?)?/g? hgeinfiarngépgarreapt&%n i 'OF lgr%, o ﬁégﬁge%rgéésésu% [?Irlm%%e

mol d cavity as deaedmuesglisy ithewpstssutfe mpoastakedprand/ dhet j pelding .
Addi tional fHgaturggzapdygdvant ages of the present invention will becone
apparent to one of skill in the art upon consideration of the foll ow ng
detailed 20 description of the present invention. Brief Description of the
Drawi ngs Figure 1 is a side viewSumnsarwiofdhednwenmtion ecti on nol di ng
machi ne in accordance with a preferred enbodi nent of the present 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.



25 Figure 2 is a cross-sectional viewillustrating the comuni caBoBEC 1993
between the barrel and the nold cavity in accordance with a preferred
enbodi ment of the present invention; 2 ~~ ~~~~~~~ -6 Figure 3 is an

illustration of a bushing, including a valve gate and pin, in accordance
with a preferred enbodi ment of the present,invention; Figure 4 is a bar
chart illustrating a nold 5 fill sequence used to control the opening and
closing of a plurality of valve gates based on a tiner to nold a particul ar
part; Figure 5 is a bar chert iid | ust natliatgda wljdcti | bf seghencprasatt t o

control the. openi | . 0si | ural it f I t d on
l'i near screw posw\?%r?]@l?%&n%fdg%%aﬁ%%éﬁ %F%ﬁgrotl; Xﬁggﬁiﬁg“%@i g?asg?gggﬁm

i | lustrating theCSyRtRam HhfGSGUMACeSHahhf LAY HRT | fioudhe 2 AL E8Ed R4 ces or
parameters to coatrglluddld tyal g8 gatlese | gagecardariogswi b Hpeirfiagpr sent

I nvention; Eigur | La [ rafi t | v onfi ation
to be entergd fo§1é3£ g?%%%i?%gg%akég§%a§% Pgeaggg¥gén§5g€%§ﬂgt£% ggésent

i nvention; FigurBoddiga®i®iagramillustrating the system 20 status in

manual control allow ng opening and closing of the individual gates on
Tl Ut Fat ing the.system ot bt us® pRnoPRED DALREGECSB 1ol DUE (ely) prdefhBd 2T |
25 accordance w thveneipnesenreasyentdnsh congrol. fhg amoupr of plasgi)
or other molten material flowing through a manifold and
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 mold is also entered into the
controller which monitors and controls their opening and
2S5 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 proceés is computer controlled.



Figure 10 is a diagramillustrating the systemstatus after conpl ?tg oF {ofi5ad
nol di ng process in accordance with the present invention; Figure 11 is a
diagramillustrating the verify 5 hone position screen for a single

reci procating screw in accordance with the present invention; Figure 12 is
a diagramillustrating the valve gate confi _l.gur ation screen for a dual

reci procating screw systemin accordance wi'th a preferred enbodi ment of the
10 present invention; Figure 13 is a diagramillustrating the verify home

position screen for the dUQhef e6hPrOCRAL} NOs SETHW ﬁuysctcﬁd?ﬂdn'lc%QQ%d@'ﬂER with
a preferred enbodi rrerlt he present_invention; and 15 Flrgure 14 is a

di agram i | | ust r ati¥g l‘r{‘ga§y§’f3§ﬁ‘f’§lla?%§ef)r?’6rp?%ltolp?é‘r &8P T0 FEAEPEI ng
process for the diedl predkpeocaf ity serbnregat brg erredi. nebhe gfonthrelpersent

i nventi on. beSt M%ﬁi'ﬁ‘ E0s0 Caer )ﬁl"é@:e@JtlnTh@orhtﬂxY&md.tqrcerQuﬂIQUE\e prelslslpst rat es
ne 10 is used.in_t njiection

an injectio hi_ne i
nol di ng proc ss t cE& 50 ‘“Palﬁﬁgq%hef e TiTd &8 BQFt@OTgh%a %ﬁyded
parts are pr efereﬂﬂs)ﬁdpl ant irecefigwaderths t mohdulad dsedursfeangloofiremat hehe

parts can be 25 rmijc&ct1fornomoalr@anguIﬂa%allaewl%rn'galwldihQnréao.vart%leelaaypart
of an injection rmld g ? stem and mclg es & mat ﬁ hopper 12 -t hat
e

recei ves gt AT =8 M I % nb enﬂ1r‘t3§ﬁtfl8f’mm°§lfé‘ﬁ’g
material is pref euaa:tih;na nthher¢ ot prayfa tield et:seWThmqw beessure, ffgdcesto t he

hopper 12 apd ar emélr@é}ﬁfn&rtte%qadl §8eb| ¥nd qn@nbar el & ea§§gcaaae¢d1a@lh@ the
machi ne 10. S The pellets a{“% heated tp a g%elten sta y el egtrl heaters

or the like (not SholPf oh? 585l P12 °6"§rr‘é¥‘el el &
reci procati ng screatetigledingoocaei ngldhezeinien. i Ahdst isheonprekiedrdtveri al

into the mold. Thend eﬁt%%@&' Bgmﬁﬁ—ée_efN éﬁs@érﬁoo@;é@ & @uelop@éﬁﬂ:lh ae can
be pressurized to drive t

further includes %h?rﬁcd?ewlgsﬁ?ﬁﬁrr&’r%fggyt ﬁ@er%b’?ﬁ%@&gfﬁgl&@ggﬁflgﬁmrhe
i nj ection nobdi ngpresdure i habea paid cfavidohi ae pletteamsinzdl by, tise A
pair of mold hal vgse 20, r&2 fdH MR r?) aBlceaE im@Osi tioned on respective
platens. The first platen 23 is stationary while the second platen 25 is
noveabl e by a notor to nove the nold halves 20, 22 into contact with one
another. The first nold halAd@ticnaln feanunesatindn 20vamtigeheolfartled 14,
while the second gPéQeH@' Im?@nmwmblbﬂeé&\e@ra%pwenel kst onEl efhgunzo

into a closed position whereb e twg nmol d hal yés 20 orm.a_np
cavity 24, in thelBnhipe ¥ft t"P%’rbéroPsﬂ'E}eb‘étﬁBPd% t}"ﬁgc‘d'iﬂ”énglﬁef:idr
conmuni cati @o Wi the*sbﬁ:.ﬁsmm ref uhd gpremlent2@nxedtibos the nold cavity 24 at
a

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;



first end 26. The nolten material is forced by the novenent of the £ 109
reci procating screw 16 through the first end 26 of the barrel 14 a%&-gngo“&*
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 nold half 20. The reciprocating screw 16
acts |like a piston and 2 ~~EIl ~~~~g%=9 as it noves toward the nold,
it carries nolten material forward therewith. The nunber of valve gate
bushings 30 and their |ocation on.the surfatﬁ of the first nold Qalf 20 may
5 vary dependi ng upon the St1%¥%nd stfape”of tHESHAF%r Ogarals £ ol ded.
Thus, the nunber intlpdsseagewaipd ves datet rndramirf,ol th wit¢dtordaod nertdase
proportionally. fhereorpyt enbs@imetiClhasa BeBLLAM Sobd AP, conput er,
allows for user Iinterface allowing a user to input information. 10 However,
the conputer 32 can be any commercially avail able conputer. In the
preferred enbodi ment, an | Fyboaré, ia fi tamgcheardildudtiatigs bsandldand an

anal og board arefah3sosbhhegeatiadd RbOcbhErSPHHA BbeRZng A1GS & 10Q30ESoAr e all
comercially avail referabl¥ i ncludées a

able. "The ¢ uter 32 15 also p
comercial ly avafl BEPEalléﬁghogg?@i © 725¢ %t PIRHEICi%s FHL: IEPgE}?g 3@
illustrates a vabastgaudabuphrng 30 adapted to receive nolten material from
the barrel 14. The valve gate bushing 30 has a valve gate 31 that opens 20
into the nold cavity allowi_ng nolten material to fl, t her et hrough. _A pin
33 is al so included which ﬁﬁg‘éEQb cRSafd 5 th3Es dg\é\'l SERATEPEsd FRédval ve
gate 31 and thus fddat sehuehee fused ¢fo rohtenl neteopgningeand wiosging dlie
operation gfy these RughbAge,304 S Akl KGaulsi hdda@ 23narlindd JUerdw
illustrates a valve gate contrgller tlmn‘%chart for controlling the
openi ng and cl osPRFIGHACR SPuPgFPt§ BREBLSH 3y RAEiSve gates 31 based on tine
as reqgqul ated by the conputer 32. The respective valve 30 gates 31 are

illustrated on the verticalp;gxis 8f;d Fge@@@\g@?hﬁ&?&dﬁ@\/% %fysttlgg.l

reci procating screw 16 in ~ ~~E, v~ |,neu§§|sec ndszl, S
represented on tFEOHIEUEHLR HBch TAREHRES chBPt ITPYE ot e BVEFRESat es
the nold fill segqsermoederrs aopashtoel athepanlveldates kmowncondanue aritcht hat

the sequencg; in which Maldus nvah¥gogat es are

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;



5 opened can be varied to nold the part or parts nore effectivel yq Aﬁ;@e, 000
wel d lines can be elimnated or noved to a non-critical area of t%g art o
varying the sequence in which the valve gates are opened and cl osed. As
shown in Figure 4, eight bushings nunbered 10 one through eight are | ocated
on the surface of the nold half 20. However, it is obvious that any nunber
of val ve gate bushings 30 can be used. The’conputer 32 is programed wth
the required information on the volume required for the part or parts to be
nol ded. While the 15 syste i i gur - \/ | v S,
only gates one through ei gﬁ}ggggvft}ség %:r?q‘t%?ggﬁ‘eigﬁp?%%%s}ﬁﬁu%%‘g%nget up
of the conputer FXasusor afserni EPEPLAEEThe Pr odessoldangs BRECEHF oulfh ei ght
are programmed t ad@rdaAceWRitR @id gsrddiene tAreHgbohwel ve are programmed to
20 be "of f" since. only eight bushings are used in this exanple. The
conputer 32 sends a signal to~the machine 10 indicating that the systemis
ready. Then the nol d hal ve§igprebl disoddigaran dlgHarrisingfthe gerhey
conput er indi cat irighet pasitbhennedrkdrs fokosedimyle rbeiphpeat iron s2repr boess i s
initiated. The recjpr iLNQ.SGr r . e noves towards the nold
hal ves 20, 22'foracﬁ%gr%%gllgfae%lgﬁagﬁégf%g\}glr%d ltﬁ)’hvgi\ﬁlgfjgé gate bushi ngs 30,

whi ch open in accordance with the set valves. The nolten nmaterial travels

t hrough the open val ve gat gsgagd Lt Ds 3D dikeraml dlTaytiat My tuhdd eaivehe
part. The val ve gates, p I r rapii.c . 5ol i,d
Botuated. o e oRRTUIRLLToRTsCHERTRbL s ] Bl B AP LB et e
open and cl ose basxsresolisl pceprdppee with ianPreieyred sEAveHuRfetdSone
and five arg openggeddowin@ntabhen plastic to flow therethrough. As the
screw 5 continues to nove, at a point just after 0.00 seconds,

approxi mately 0.40 seconds, valve gate number six opens. After 3.6 seconds
of total screw travel timeFigargeldat® andhBeFaBidlusssasingatie i Ynunber
oBe was t hus opeghé,@# §®§i§§@@ngéfeé&al /& aﬁm]e @mmbl efed iprapaiingafdarewl 0
about 4.20 seconds of screw travel tine ile valy r opens
after 5.0 secondsSHT ¥l Hy ATRFR et S’ c‘?roesfé%raet?1 ?ﬁ%&ggﬂn%@ i?r{:ckt Tat

val ve gate nunberpsessit cgwrentdfangr asdout 5.4 seconds of screw travel .

Val ve gate nunber 4 was thus open for 0.40 seconds. 15 After 5.8 seconds)
val ve gate nunber five closes and_after. 6.0 seco f rew, | e,
val ve gate hanber six cl osefgl,g‘“brree\}gnf‘?nag 2R rPﬁ‘r’fn:ﬁfe‘ﬁ%ﬁa%\(/ivn ft%r%?%/}géntetd

mat eri al t her et hr ebgtus \Etiaxr gt ePAEABEYD 4 EhgaBobdiRP PEPCsss §REJR and
val ve gate number gghX Wasc 4 SRATLHPr seréwsespatiem \dbseigane nofibethseven
cl oses after 10.0 seconds.of screw travel tinme and was open for 4.6
seconds, while vaPyE5gat e AFPettwo closes after 8.2 seconds and was open
for 4.20 seconds. After 8.0 seconds of screwtravel tinme, valve gate nunber
three 25 opens and then ckhagses T ME'0it THe Bavkritéeands of screw
travel tinme. After 14.6 sgCoOnNus, valve y closes after being
open for 7.40 seconds and the nold fill sequence is conplete. It should be
under st ood that all of thesg.tipes ar roxi.oati ons. . 3 ; G S 4
above, beca&ge of variancessﬁ?Fggthg ?é?@%t%éEEE mgﬁl Eé?%dgéq%;Lﬁg§agte
bushi ngs 30, openimaghing dosi nEhe heagkinge Hat &8 Y8eBaiBdtHf tﬁ“ﬁﬁcEgﬁ“
result in an unevel@ssg pridtegwl b féddvite pionesd ahtichisdaking mo2dgdSEC

97 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



-12 results in a reject because of too nmuch or too little rmltenzﬂrgan i ahag
being injected into the nold. Over the course of nolding many paft’s; thi's”
is a significant expense. S As shown in Figure 1, the injection nolding
machi ne of the preferred enbodi nent, also includes a linear transducer 34.
The linear transducer 34 or linear potentigmeter is in communication with
the conputer 32 to nonitor the position of the reciprocating 10 screw 16.
The linear transducer 34 is conprised of an encoder that is attached to the
machi ne 10 and pradueaseanaduttputod ondntticcaie 4 hroposdblion 6brhhessehew 16.
Thus, in accorda k t.he k pogdy f th resent i ntion,
t he openi ng and g‘%gg%\é?ofﬁt h%re\?ggﬁ%gﬁ%eﬂgt gﬂéggggggnotgeepa%slg%%dntrg%(%ed by
the conputer 32 B&3éAtSoRERYLIBA el pors 3?%??%1‘ ha@nde@irgr searefgrsedew 16.
Alternatively, adpresslyetdbranstiear 1@naksshawndd caitbea Haclattadet aononi t or
the pressure in the mahddavidy athwpend, phaced, dirget! v, mithe ol d 20
cavity 24 or at the entrance to_the val ve gate bushi ngs 30 Yo easur e t he
pressure created 1S¢tERE R CBA haker (3Pt i FheHE QvithE PATrTPe fpresIhre
transducer sends barreflect tical irmelpids Si gnal reoiphecLoimput erscdwt 0 aentrol
the systemin accqr LE 0 ] 5 - t i T trates
a nold fill seque%%gggé!%%a}%%gt%ﬁ%%ﬁquﬁogﬁ??ﬁé %q‘%urﬁéﬁiéﬁl—ig%e?/%%l tlhggm)l d
f111 sequence of thegfiA S | sTRRASECIRFPIHELNY N ckenA be3i 8FBR, 28s @

i ndi cat ed by t he diishear éﬁ@n&‘dwfebe 3@re%@sdﬁ1&%ﬁadT%)f d¥i viel Mehe A&‘oﬁhemzi n
Figure 5, prior taq.nitiatio i njection nolding process, the S
~~C V~~~~ -13 coﬁn&fteé:rla%zkf)sgggoﬁégﬁimd such that val ve gate nunbers one
through five and seven and eight are turned "on" as they will be utilized
in the process while val ve tgat enatiiber SLoSi KuitibNi DEc1ldesigh meebye 1@ e
turned "of f" as 5 .t.h I, o] S j I f t hi.s_p. | cul

part. Once the cof luct%%ﬁé%erge‘églgvg&sic%é:%é%?tgl%’g%?%%? .?Eé rr%ﬁ% Jfa{gtévcgtgo%, 22
are closed and tHwlsligiemachipeatly hashe pafecef FRIGING RG2PEBESS X

initiated. 1§ Basedpafrt her| ergth wilwey ewot r avel (Fighye gat eapanbeich one

t hrough five and seven and, ej ght .and _cl in p t tay
positions of the 'l?oesclletplro&eé{ ior?g rse(_?%g\%gl?% Bgagégsébt eﬂg‘?%yg{;ﬁgtl n%ct:e[n ksl
transducer 34. Figursaionayygraphei thestecrndplateny 3bvésiBoyealrke 3 on
the vertical axis;atdih@csrbew thavwRld Ralkebeso prpd heddoebroatalwinti s.

After initiation of the injection nmolded progess,.the screw nove its
starting positi ono?ezérf?tir?‘f"fhes#?el gﬁ &C’Q‘fiygg??e%& i t1atron o ?%%&m
process at 10.99 wicheshevhhveejatlé, 20halrbanef secongemeldvdiald g elsiunber
four closes at 14y6dedmcdiesohRrB5chd. t0EsChBNGL havel 2o Alntld. B8 Ensdes

val ve gat e nunber onge open and 12. 26 i es val e .nunber ee
opens. g'VaI ve gat ep?f%‘b’ecs)n o%rﬁbgsgi’eagwﬁzmafg %%Jevses[ %%69|§% f(‘# ms%rrtréc\glvPé

travel) . Valve geatdeity 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



25 number two opens at 9.68 inches while valve gate nunber three Q®IEY afigg
9.52 inches (2.74 in. of screwtravel). Valve gate nunber five opens o
at.6.78 inches while val ve gate nunber two closes at 6.62 inches (3.06 in.
of ~screw travel ). Val ve gate nunber seven opens at 4.64 inches, 30 valve
gate nunber five closes at 4.48 inches (2.30 in. of travel). Valve gate
nunber ei ght opens at 2.84 inches, and vat%e gate nunber seven cl oses at

2.2 inches -14 (2.44 in. of screw travel>. Valve gate nunber eight

closes at 0.0 inches (2.84 in. ofcl sgr ew iéav,el ). ?)eni ng and cl osi ng of the
val ves by |inear 2Po5F t TOFEDEMREd B8R pPILRt | Hy AR S1BCLESP P2 W &
accurate than 5 6pewang emeretiodi.ng t hem based on tinme. Setup tine can al so
be decreased.. Turning nowto Figures 6 through 10 which illustrate a

preferred enbodi nent of the conputer controlled sequenci ng of the valve
gate bushings 30 in 10 accﬁlﬁj i Ph Y3He HIBEENPUFRAT i%oan.‘mléi LhFE 6
illustrates the dombhtganabnonhef suhbaggsotntivhi £hres setldupabpfi ¢ may

comencenents of (heyi ReBehliPAg MBb&h NOne PEPEESSnd DuhAHE St cHp, phhe yser can
sel ect whether the mold fjll se%uenc S t o, be 'gﬁése ofg tine, P’OSH% n of

15 the screw 16, PARGPoFOpPRNEDr AMESnbFRGI FUPThS e H2SSARFIEY B @ ei ght
gates are shown hei njeusadifoldivglrilesldocandcbease propdusianatilous That nore

or less valve galeBusBings, 30JPYsbe wIml Redqatgptiatodiit etal ¥e1gakes 31
may open or close at different_ ti rrezé%o_and osi tjons. Addi %\lﬁgnlglgl.y, t he

/ or
various par anet ef&rcHAehl Y HFaFan Wa%%e%dﬁSﬁS bpohENe
mol ded. Fi qur e 6 Howewstr, at eBet heommusfesr r 8@ paraneber sadypr cpmanegehiedilrent of

the present inve%k%ﬁﬂabIQecggﬁ&héfl FirguEgs fi-dfdQddnemBolsmadd, Rireiobabl y
input into the 25 conputer 32 via a touch screen. Alternatively, a rchDuse or

a keyboard, can R93F&ed & & iMHHG BORESr ndt itV IAGuEPErd oAREr nERF o9
appar at us for dattmaant rarenmlsbeinsedratedt here tHe tdmnppmatd®r. | Mhesds to

mold a part baseqdy SrkOUs] Vodithe A DA ML L1 8UC TR ARSeY 30 can
be pul | ed U&Jfroma previ ous saved fil e “and used thout.f%furth r set

up and wi t hbit tr?é-sr%@&ethrPE¥Y nalyges jacogme¥§ian Ly AY AR  Parahstis’s as
t he paraneters fragpdde dr If@awi phnék dbsplaythe system can al so be used to
convert a file with stored paraneters based on tine to paraneters based on

screw travel. This is an advantage for a 5 nachine jhat previoysly ran
based on time, but is bei n&lgéfﬁFpﬂedlléPsFE?F%?i?t\éﬂ{‘t’% ?% eb%‘é%b“‘r%/?n 3

screw
position. The prefdapgmi stystrenedveo mallktens mhoertahvErshonhefbatke lpdrdanet er s

fron]SCYGMIpOSitifHEtéﬁfJe”Eﬁte 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
back and forth to open and close the valve gate 31 and
thus control the flow of molten material therethrough.
Thé 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



The maxi num screw travel distance is entered 10 in box 42 and is shown as

15 inches. The all owable set for the hone position or starting poijé of the
screw is 0.0625 inches, shown in box 44. The nmaxi numcycle tinme i s0EC Qg0
seconds as shown in box 46. Further, the system can be toggled to operate

in metric by entering 15 mllineters instead of inches into box 48. These
paraneters can all be varied or adjusted dependi ng upon the injection

nol di ng apparatus. The box 40 indicates the output of the transducer which

in the preferred _enbodi nent .i t _thi y .al sq var EiQure 7
illustrates the gté'f“ee c%r?fcloéﬁrszt i],i%n\%%lr}%tsﬁgém\?gl 3’% d:g.‘lee Oﬁgﬁ%éﬁagguﬁ%g%é one

t hrough four to Bdeuserk i phabrnést ifguket it nbl Hiseracgsar the nvaédofddnce

Wi th éhg par ?m?t eSruieut fgﬂtﬁ AL COUY §ard2. IIIQV\/EHG}EnodxthrS)t&ieemrﬁay be
upgraded to forty .Qr [ e es necessary. , e
bushing 30 has a % ggh%ost% éghégl gl\'i\g/s f'ﬂgégpg'ragtslc?rast ovaf%g’;eglég%%@" %%tg or
"of f". As shown, apgingd (rare PrsHREdeAufPertelshether BaGh PHUPAAFE &PFSi n t he
ﬁn p_osiht i38n_- E%ﬂfe}t&'i‘b@ﬁ@ate 3%;8@5»:@}1& qaisiestvwziucobumamaaaeéat eﬂd

t herew t i ndi cat i t he_capabi Li or_e i .

cl ose nore than Wgeed;%rol ﬁgnéﬁscafvé%x} nect %ﬁ t\ﬁ%ngrgaé’?j&\)&%%j C?I%G

nol di ng process. sesuencenphewhigh eheyad vengabpe mrepesrdsard t4heed n this
one process. Valve gate nunber -one is opened the first time at 7 inches as
shown in box 52 and cl oses

at i nches,b ox, 54).. .Val v wg%) ne
opens a second tine at 5. Sﬁsngg"e’gnaégsﬂ‘b ‘grb? n' ’bo%(lgg’t\)é %thgﬁéges a e%fcg
i nches as shtown ionédhmeghvaight gare laaared protbp ety facegofnehe"gsbx 60)
andhcl o?gs atéS ;5 imggélbox e vad)i Iﬁ;hvaé\(/gbgatégsnumgr anf afunje@nsofit 5
i nches ox 64) and 10 closes at. 4 i es 0OX , Vi te,n er
four opens at 3'i‘ﬁ%d}1‘é% ?ﬂfo%(%é'g)%lgﬁg gﬁo%%% 2% lbsefio' i ncf'ﬁegg%égggoﬁ #%2
positions in the peedramndshyes e dihsheraminaded nfornasden 8y Ehe ¥pE¥BRor to
change the ?peﬂi NBe GRPr&d Oﬁimra.u@sﬁatﬂtoa;rf phreacto abe ttldedl. vewgalescthd |h|e 15
posi tions of the renmining vale .es. if necessar [ 0 ci y
shown in tht3s fiﬁﬁ?%e%na"q?ﬂwq \ﬁ?ﬁg&gﬁeﬁdi ﬁ%sué“é%y‘{%g’agé@t %tagggé %r%ﬁged.
In the preferred gabesionnthrionghs eight pose ty igr ehietawrd ebasEiusn a

predeterm ned scrgw $Hh@rdd GgPeient nantosutdie 33Cpewo20cd riaveliscihgmones
toward a zero endi ng osition. A di sggle button, /2 _is also |“qé ded £ open
all gates while tRE ﬁ‘gﬁﬂ'igaﬁﬁin‘?nﬁ‘hl rBV%Eegég&/‘ér A5t RECPT A r's

Th an
preferred in some“onldiwhijlappriesat nbne swcdugls tweluyreares proorppmed to

materials. 25 Figype ddd usiial esndy mangal QRAMANGE Seecabddainakhaws an
operator to open gates nanually while tching the Linear travel %guik e
screw. This screeﬁ?‘af“PPcﬁ‘th@‘%t“—r%?%‘ftei%\%lzcgteélgst ReSpEettiTh OF (he rde
hal ves 20) 22. Theol iindicarimg| thatt hee seyeuen sigoreadi-esdiesd th¢ Meédbar
74, which is based 9Qekhgoi Nf PrMIdeORNHEE L VLT riiNsehe tébnaes dompusducer .
A status col um Tinbicgkiggp% g%“tﬂé“%éfﬁlgg %ﬁ%bg Sand‘]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.



3~ l~~1i,s~~ - 17 systeminputs and outputs.. The systeminput is a nold
cl osed |nd| cator 78 that tells the conputer 32 that the nold is cl2)3em“r‘ 1000
System out puts include an alarmlight 80, a systemready |ight 82, and an
energency stop 84 5 which can all be tested by operator activation. Figures
9 and 10 illustrate the sequence of opening and closing the val ve gates.
This screen is displayed throughout the nolidi ng cycle and it continuously
changes so that it can. be nonitored by an 10 operator. The |inear device
data is shown on bar 86. This data jncludes the maxinmumvoltage ou put of
the transducer, the maxi mufi7tPa0EF Hf stRat WO RE e r & er?hg Qi nches
or mllinet ers) idaeesyspem and opbrs ibagedn sol héy adh gvials e aof ts@E ﬂrQ)Qn hone,

and the 15 maxi mymGUClfdd MBumddies Ssﬁéu%ngarfﬁé 'Jn!élsé &hes LheoGuRgent
system status. The _hon¥ position or startin Fg%‘%) nt wﬁ‘ screW|s shown at

90, the present @°St&RceASthavEP ffor* ne? Sat™ %>, S§REYt he
tinme el apsed i s slomminaes94o Hheest atus ba:n18831a$lsoaﬂ2:&r| r@dlo@atsesonﬂe, st at us

of the systeminpus (Aphdetlosedd stdoa0d, 5\\/§1€éng%ltfepﬂﬁ1§bé§-|s91rﬂbpggs
(systemready) 82,  and (errer %gg &f{ %‘ g he val v«; ggte status is shown
in the box 100 oRiHeE PeftSH % tg fs"fﬁeew SEAYER WhTeh Y Va icdfe€ 25

t he val ve gate nunmerloe chesastl o¥alofe tdadte vambergone wWas t(hMﬁeloneﬂ it

opened or closed)g,,t he &raxebngt. t haraG/eeWatte Wahidbe h@w@cbbgast Q@leepl ace
106, and the tinme at which the action_took place 9 mcrewr‘),osmlon
changes, the st ataROWH "t’r?e%es‘%%? gaf eS°ER n§§a§6 aﬁ&mf’hewl

appears on the baaws rmh\bescfemrtmmamd afteonti 0 ssammmEspo§i $¢oew thraedhout
[ts set tength of  {iaudls JTduceatOchl!diatd it WhGcSUALYS Glcd Mmbet 8 O-C

3~~~ -18 systemafter a cle an us a he val ve gates are .cl osed.
There are a vari ei§VeF ‘PE’E%“T’ nééF%FeaQEPEeﬁs“t ﬁﬁw DoSe &t tsrf%cﬁfgh‘b{ﬁ & singl e
process; as can bealwsleyasteoothniyert howesof heki dbpen nfarthed .40t seapnds. t he nol d
5 closes, the box 100 is cleared, the screw then returns to its hone
position, and the process is again ready for initiation to d_anpt her

part. Figur®511 illustratediEeFerpf§ RETENESsi tYHY ScPRER. §ral o5 t he
operation to ensutbosd@itaridhaftarr eco mamatdsngfssceew Ixaveli himhe YRolke

posi L1 on priof t0.LOLUhaho00 LNe LILEEL] QO SRLNG SHO! furthethELab o IS

not at the hone pos |on or wmthinits fset, a reject Eartwlll
be forned as eithepleen m%ﬁrb?ltBBeF‘F'%l?lf‘%”%t erY%}V?z\n FIEHHBPEY et BF t o
the nmold. If 15 tRgssepenv f§rl 5. 8 hee praferambsidliven gatkenopbeat oix wis

click the bybton 120, 9goul UG WhkD | N9a3G- UacoThEnBOS ! bLOBROEILMS

reci procat i ﬁOW I'n 1t on VI ewe ach

e
of the val ve gat eaBtehi hys0 FRInnds Rl saeeRd-ERv&InsdMe %C‘Taagt @é’ephg‘?%w t h.

The sensor provi d@sSs 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
numbér 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 based on time can result in .
an unevenness in the mold filling process and usually



feedback to the conputer 32 as to any action taken by that valve gate, i.e,
whet her the respective valve gate opened as required or not. |If zﬁgﬂv&q
gate did not open as required, the pressure could build up and d 5939
the nold. The alarmw || be activated if one or nore of the valve gates
did. not open as required or otherwise failed. This provides constant

f eedback that the systemis operating as -Réquired. In operation, the
conmputer 32 receives a 30 signal froman encoder, a |linear potentioneter,
or a linear noti ransducer .3 COIPUL C | SO, receive 2

i~~~ -19 a si gn’g%"#lrtgs?n%'II Fg,egg ?%t?ansd%e(r:eor?rhao i%@crh, Und ¥ tle"rfgé‘lgature
control input | oPRERP iFRGHEANECABEIIRISFESA timso BRI Meid- t | vesurtihgce
tenperature of tdeurss dofAddilldiogaldany feeebackegay be R oyigherk fcrihe
conputer 5 32 tog ﬂ{gg_mthat water is on and to ensure that an overheat
condition is not achieved in the nold. The conputer 32 also receives
signals fromthe injection nolding machi ne that indicates whether the nold

is in the open or closed posishown &P Psglihe TONPRE einPeet Fork Nmoldin
comuni cation w parat istinct f.romthe.machin 0, the
conputer 32 and [}1%%1&%& ségh%gg %eygoar‘r%,% s{“r&ggﬁj“eg}-ﬁd F3FSe ]tf}fﬁ'“égsl dtat ed
at a position di $B8RT oLTASSHHESFr Hh -t he Thechl FrearThtisansdecemeBat o can be
| ocated at 15 a leomede postdritdon@tedrcaiscoihr donnfi@itathioRe piegesses Vi a
wires, fiber opt] PN J ipe v, . m i tionall files’
cont ai ni ng set upélgﬁ?%‘lf mat |£or$%aﬁat_lgg?grre e%sgggggeoﬁg\?ﬁ 688_é8r¥?%tn%%e
comput er t %anot fe¥ew ol § urt Hee Hergaderanfduser g dpneompoised a0 erhati ve

eﬂb"di gné ~of then@é@éﬁnﬁhimvﬁlfait(tﬁcih&dsEGV\AfEIhé nnd%ihrgu{eea.olapahb%%béé- ]lcn
thi s enbodi nent, are to.performthe injection no g of a
part or parts. aﬁ%m?\%gg’lhﬁ\r,\\gtaor b%#%cﬁ%eorr% Br gosgkf?%nggugéﬁs Y nJcﬁ[’]uded on
t he machi ne. TheThygstinpRqqardancgovihl ithreperefposed|emparbivansr ofttkee f i r st
screw and the segpdde®niheéseidit $2e0BPeHEhEVand N JSBP L WReSGLEYS i S
useful in g vari et%eofn(_)pcea[natbieogi. Ig one égl nent , wher.ei n\#Z val ye
gates are A8ededS?5ef ot m A hArt 2IPRECTT RIS PYr bRAUTHP U ed? cBA° B used
to 30 supply nol sehehnteri e (Resididpn ¢4t shaundeinpranst ine seghvwi L¥e. The
second reciprocating screw can be used to ~ 8 ~~'r ~~~9 -20 supply nolten

material to valve gates Siﬁlt@%@imetwe' ve. IQ anot her rerrb dicrenls.nt népe
reciprocating screws can each D& Used o fol B8 E¥ar L@ BFEE For
shown) can be included to monitor the pressure in the

mold cavity 24 by being placed directly in the mold

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 sequence
similar to that shown in Figure 4. However, the mold
fill sequence of Figure S5 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



5 exanple, the screws can be set up to nold two mating parts at th?EBS@ErE *fﬁf}g
time. For exanple, one screw can be used to provide nolten nmaterial 't 04
mani fold and a plurality of valve gates and to a nold cavity to nold.a cup
whil e the second screw can be used to provide nolten 10 material to a
separate manifold and a separate plurality of valve gates and then to a
separate nold cavity to forma mating toplBor. the cup. In yet another

enbodi ment, the reciprocating screws can be used to nold a part where one
reci procating screw reolyijdztesisrmlrtoer}a%‘?ne tse;:ha%%to ‘1;a ; aastki nuf .2 part
whi | e the second 7&Ri pfioca ingpsc ew provi des FYer et 1l 16 Fofm a
core for the sangarhrough SHFel andesaviererandedghhasreheusrsewerdpésat e as
di scusaed abovgbuﬁwt‘hen bé 16iDDy¥éDUSH t bird W&Fstsha{]hjll\w wilvenwsgated thus
nore than two i.ne I ucer : e, £w_can
operate to open AR %ﬁa%sstél)?%%%gg‘?rel% ggg%'gg%%gygwg%sﬁlf%%@, ﬁﬁl \gst he
second scref cantheyudsf petopssdanid cihserrresfatiar bl RArtiGHE 29 gures
12 through 14 ilpastrate one 25 enbodi nent of how the conputer and system
can be set up to operate two reciprocating screws to nold a part or parts.
Figure 12 illustrates the gate configuration for a dual |inear device
system This figure illustinReshe sompERetod2 certqig@s fevalgeahdirdthunbers
one L hrouglh_ 30df gué- m?@‘&e%&flweéshﬁi ,scmsaéeglamusrd%nar crmg esystlere gat e321
may be utilized dependi upon.the.part_t.o..be : =f=C oy~ -
Val ve gate nunbe’fgggyt h%eghlﬁjsfglgﬁl FERRTE rg&é‘gg%sés bé%nglmo?%%e%'ut by
activation16f thBabedteonstixiengtdhoff senevwvaranelgatvddveagabe RPWRRREY to be
'1;0“" f0r20<23p_er ati eﬁegegkbﬁgﬂeﬁivé n{h@&témm:ﬁ 2Qﬁ.gﬁt:0)t>_®léﬁ- aAd| tpess thevi ce
utton is included to tell t .he computer reci:pro g
screw t he val ve §SFBOW\3It%é”c%ﬁﬁ@c?%ﬁ@ﬁ%%s B%t F%% ’\é\%ézlté(}:fﬁ%%éggogg éevg from
a "0" for the fiiét asedepeoted by e dinegratransdyeer it second

reci procating screw. Therefore, if the 10 gate button 200 is on, the
conputer 32 will check the_status_of, button_202. [ ch r i
control ling the valve gate® *FhES sar i pdsPFFRA é@fﬁﬁ?’g%% t\-‘/g%vgg%{é%es are
to open is ishowngate204)l i |tdet vensdsiali awrist andi chel5crRe GaRVel gafes are
t]? cl Fse i Szgg;m%f%he%oén eﬁeV‘ﬁéPililJ}_@:_éli i@ .| | ReeEr dfvi ittt ennhtaepai r

of col ums ) are presen owi ng each gate to open_no once
during a given rd'ﬁ‘.JeFﬁé°8‘niT@%ﬁfnﬁﬁgﬁfgﬁént&\% SHbWh imgovfeﬁch%:gcfr& b%tgscan be
toggl ed by buttomst2i2ing beoL2(imsasu2edoi ringhes) pet edgmegiagtelky 13fter

il lustrates the veyifiy 1QRe J20%iHd Proxwsrene T $saliuest heaaper gbee to
ensure that both recgiprocating screws aﬁe in g_’he hgtgerpgsiuy %@ogggorato
initiating ¢he nd 1% CR§ S he YB1ERs93FE PRA™PRE proper positions,
the operator willi4cléaclinebesohs 229 iro cdnsicnee wWaveldet &p. 14He 19686 on of
the reciprocating, SG/LWadeS nth®We oReb@pais222nansk 224. s@spenidsvelaiveo the

e on e o Yo e ks BBy kSR Al ol Ul
the paraneters ofat he2f2rspchexi (2 ogatingof 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



I~ ~I _~

l~~.,,,s!J ,."v; -22 screw. Specifically, the output of
transducer (232f, the maxi numtravel of the screw (234), the unltEPoﬂ"r 1600
measur enent (236), the offset fromthe hone position (238), and the maxini
cycle time (240). The bar 242 5 illustrates the sane paranmeters as shown on
the bar 230, but for the second reC|procat|ng screw. The current status is
shown for the first reciprocating screw ot%ar 244 while the current status
of the second reciprocating screwis shown on bar 246. 10 The dlsplay 248

illustrates the Qeeghngnan@fclsc&s‘legg A gates ps %Q._ea/ QG bas ﬁet on
a

screw travel or tine while the status of the gates given ti
shown at 2S0. WhiCHESEfl ya‘bné’ Or et BFRRE el ddi néﬁt o‘?fth?é"rfy i h¥8Ketbn has
been descri bed hepennagoard ¢lmsimgfofordenasyvekiby limenbepasttibhl of

recogni ze that thig gF%Q yslagem)q'sf 'fsd f?ale RoLET Qcﬂéé;%utzhan
departing fromthe centr I Il |nven I on
enbodi nent éescrlol&é&lﬁgré‘i‘ﬂacb]tﬂ/%”}% tt“@‘“béaéedc%‘hs"r’d@ﬁed Sieﬁuﬁlilfﬂésﬁé%ts as

illustrative andaneb bes8eteéassi. t he scope of the invention being

i ndi cated by the appended clains, rather than by the foregoing
descriptions, and all changes whi ch come wi nded to be enbraced herein. 2
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nol di ng machi ne fidlusekdiag | gste fopad s embodphest NGE a thar r eompater
receiving a materjg|

associ ated with sal 51%9'1@8 H%gge{%&ﬁ?l SELLOL JRIL %aﬁrtte bu@hgﬁgtser?'o in

barrel sald mater Into nmoften form
reci procat iy scrSFOFGERERd WiERi nthay (Prlf-éref‘él taversiter s&i@YRS t én

mat eri al toward aipaistratesdtie hadnfguriicebnwbend eyedenosmi et iast one
mol d cavity ther%&thggor to commencement of the injection molding
process. During set-up, the user can select whether the
mold £ill sequence is to be based.on time, position of

1S the screw 16, and/or pressure or a combination thereof.

While only eight gates are shown being used in

Figures 4 and S, 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

20 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 inyention. The data

in Figures 6 through 10 is all preferably input into the

25 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

based on previously set up parameters, such parameters

30 can be pulled up from a previously saved file and used
without any further set up and without the need to re-



in the shape of the part or parts to be nolded; a plurality of valve gates

di stributed across a surface of one of said pair of nold halves fo 8 DEC 99
receiving said nolten material and transferring it to said at Ieas? oﬁg“ 1399
nold cavity; a linear position transducer |ocated on said machine in

comuni cation with said screw for nonitoring the position of said screw as
said screw reci procates within said barref®-and a conputer in communication
with said |inear position transducer for determning the position of said
reci procating sc S I C n on W th, eac of sai d
plurality of valv Eg%t @hg %gqgméﬁgﬁg %%d tge %’lmmsalgé v%lr\g’e aﬁ ased on
the position of yai %%r‘é‘Wd&s a"éﬁeﬁﬁ?ﬁ%fﬂ WﬁS@ Ibienééﬁdpéglwré)\rﬁrt a

t ransducer. 2 fite {Wth-dtordd Pardhecéng esddam olﬂiokdmagtsyﬁﬁéﬂxéﬁeﬁé aiml,
wherein said nol teri n pl IC. Th tio rmldlng
system of cl aim Egg?g?toﬁ'ergéré“ﬁr%%‘yneel ‘a pﬁﬁﬁ y ggnséggggsg&l at ed

with each of5 sai Baghipe '@%ﬂ%sPrfedrlO&é érﬁ?ﬁ*ﬁ@s%é’tnhérlméal gugal §ebgine
opened or cl osedegsippddi 6Edretkofii€@etint&Ctun baBdaiohg s&)t&tneﬁb@itgdnaj m 2,

further comprisl ifed-BLea3ULE LYANAIUGRT, 33300k2ed WEH038L00 TBE ey 1Y

and in comruni cation WI ter for eterm I'ESSUI’E In

said mol d cavityPRERBGFAES| EXe® Sé‘d-'ed’ PoFpLien Wn@ﬁ“%-pens and cl oses said
val ve gates based on said rel ayed signals.

The maximum screw travel distance is entered

10 in box 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 éhown 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
pbe 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



5. The injection nolding systemof claim4, wherein said conputer opens and
cl oses said val ve gates based on a conbination of said position of? il 1339
screw and said pressure in said nold cavity. 6. The injection nolding
systemof claim4, further conprising a timer for opening and cl osing said
val ve gates based on time or position of said screw-and tinme. 7. The

i njection nolding systemof claim®6, wherein said conputer opens and cl oses
said val ve gates based on a conbination of said pressure in said nold
cavity and ti m; g1 diihney ipmjoegsson Pol déagnsyst emlok ghaé%rlelcfpérrié”l(?rn_d
conprising: - ~ty=.25 a 0 reci procating screw |l ocated in a
second barrel fo%%%r%gﬁsftgrlrcfngnn%ﬁ?gngﬁﬁt‘g%r‘g *%'0 said nol d cavity. 9. The
i njection nolding systemof claim1, wherein at |east one of said plurality
of valve gates can be open#dlaadgatesembsy enthay fehdd fRe 40rsAttime
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nol ding a plastic part or parts, conprising: a pair of no al ves I ch
when cl osed ¥orm $°% e4dt- oMBl1Bl B2 ERVRETRS T Afige OPRASe 20FeEPRA Jukte Gt part s
to be nolded; a paig iofcheaciasr @bawinng nsoaWsSccafl LD68éedati $ o Nriches

respective barrel,and &ach SUSY dd). COPTHRL SR Ol Sald

C opens at 6
inches (box 60) and closes at 5 inches (box 62), while

valve gate number three opens at S5 inches (box 64) and

10 closes at 4 inches (box 66), and valve gate number four
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 is
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
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displayed throughout the molding cycle and it
continuously changes so that it can be monitored by an
operator. The linear device data is shown on bar 86.
This data includes the maximum voltage output of the
transducer, the maximum travel distance of the screw,
the units (inches or millimeters) the system is
operating in, the allowable offset from home, and the
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 is shown at 94. The status bar 88 also
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
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
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
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reciprocating 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
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
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
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 required.

In operation, the computer 32 receives a
signal from an encoder, a linear potentiometer, oOr a
linear motion transducer. The computer can also receive

sed
sai d

the shape of the part or parts

and eachrsgtie® 1D TOIMBHYLRIS @GN WiirtilfyS Alothealpokg@sbn one



a plurality of normally closed valve gates distributed across a surface of
one of said pair of nold halves for regulating the flow of nateria%8f09@119qg
each said barrel. into said cavity; a pair of linear position transducers

| ocat ed on said machi ne, each linear position transducer in comrunication
with a respective screw to nonitor the position thereof; 2 ~ DAL r~~~ 28

a tinmer |located on said machine; a conputersdin comuni cation with said

timer for opening said plurality of nornmally closed val ve gates based on a
conbi nation of tine and screw position. 16. The injection nolding system of
clai m 15 further acorignali nfrel pfeSIGFEUrEaigans8rcedr Aeddmeirng &8s & nol d
cavity pressure, rsapbdrpEass e ddcANSAPGET 1 bia CMTHBE gt d 1 mailBhc $@i ey

conmput er, wherein id er ens d cl oses said valve gates sed on
a conbi nati on of “E%i%d nﬁc?rgg#se Fﬁgsaslu 7o1°d E%W?V%u[rierre?gant esc?‘%gvg'

position. .Alr.ARIRYEACRAELIAE Apedbagk gan e gfgovAdedAte, Ahe AN REA@

CACALCA ?. AR ANR2ATA Abbrfiirh ATHAA9:WwHdé ¥ s GWAHAUIPKS advslh€e that an

a] ca] ca] ca] ca] ¢ %HL?h@E%acondition is not achieved in the mold. The
computer 32 also receives signals from the injection
molding machine that indicates whether the mold is in
the open or closed position.

10 As the computer 32 is in communication 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 downlocaded 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
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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.
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buttons 200, each of the valve gates can be toggled to

Wiy

be "on" for operation in the next injection molding

S cycle. A linear device button 202 is included to tell
the computer 32 to which reciprocating screw the valve

gate will be connected. The button 202 can be toggled

from a "0" for the first reciprocating screw to a "1"

for the second reciprocating screw. Therefore, if the

10 géte button 200 is on, the computer 32 will check the

status of button 202 to see which screw is controllihg
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
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The current status is shown for the first

reciprocating screw on bar 244 while the current status

of the second reciprocating screw is shown on bar 246.

10 The display 248 illustrates the ope;xing 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. |
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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 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 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 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 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.



101°S “1109& ()-!"S “110%& ()-!i S “1109%& ()-!VXS DEC 139
“1109& () - & 109&Z& () - gBV7VEVIV WAKX- YOMHL! V' y! 109 () -!y! 109G %)?’Vf g @*U
109& ()- !, @109%& ()- s10%G& ()- & 10%G& ()-F

10-Y/ Z2[ DN\ VA wi [ MLV y!1 1098 ()- 10 10

10! 0 9%: 1109%&' ()-!1""9%:1109& ()-!Co%:! BdUR ()-!d y! 10%& ()-\\\#] ] A<Ml V y!
ﬁm I(_) 8&! 10%th h& ()-! HH &&! 109%hmhhh& () -! Ha&&! 10%hhhh& ()-10% h& () - S10%

& ()-&10% h& ()-_.  apNcOcPcQowi 1V y!10! L &&1 10, 10hh. 10h .

10hh! s* *M 109%hh& W@G‘LNF‘RH%MH%%’(‘?Y%YS““‘ St 18100 I WMhlerein

d” &&! 199%M&nd) e dh §&t 4094 D{ & hd1EBSCpLasEdyd; ez[ OML!I V y! T ul "I 10%U& () -
10% & () -1 10%JU& ()- 10% U&' ()-!a&@ 0% UnU& ()- ! &@LOY&' () -

- eDf Ngg<hNi i WU3ML! VI “3(' 1 10%JU&' ()- !'i 3('!10% WU () -

LS5 L0 O, b ISR s, by HBICAR Llasi b 00840
10983&' ¢omdOmBRAG) a QRDYPRL {fyGof sensors associated with each of said
valve gates for determining whether said valve gate opened or

closed as required.

4. The injection molding system of claim 2, 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.

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.

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.

7. The injection molding system 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.

8. The injection molding system of claim 1, further

comprising:
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least one of said plurality of valve gates can be opened and

£

closed more than one time.

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

comprising:

a palir of mold halves which when closed form at least one

mold cavity in the shape of the part or parts to be molded;

a palr 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 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;

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 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.
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12. The injection molding system of claim 11, further
comprising a plurality of sensors associated with each of said
valve gates for determining whether said valve gate opened and

closed as required.

13. An injection molding system, including an injection
molding machine for molding a plastic part or parts,

compriging:

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;

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

gsaid cavity;

at least one pressure transducer to measure the pressure

in said mold cavity; and

a computer with which said at least one pressure
transducer is in communication with to open and close said
valve gates based on said pressure information which is

relayed to said computer by said at least one pressure
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comprising 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
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 as monitored by said at least one

pressure transducer.

15. 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 at least one

mold cavity in the shape of the part or parts to be molded;

a palr 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 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;

a palr of linear position transducers located on said
machine, each linear position transducer in communication with

a respective screw to monitor the position thereof;
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said plurality of normally closed valve gates based on a

combination of time and screw position.

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 in

said mold cavity, time, and screw position.



