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SYSTEM FOR | NJECTI ON MOLDI NG MACHI NES BACKGROUND OF THE | NVENTI ON The
present invention relates to a nethod of controlling a filling process for
injection nolding machi nes, and a control device therefor. 4A)s8% }yagmjg on
will be given to a nolding operation of @an injection nolding mac I'ne.

particul ar, an explanation will be given to the case of a no
i njection mol di ng machine to center on notions of an inj ecti% wau |m “3«)
A servo-notor for driving rotation of a screw rotates the sc

resin falling on a rear portion of the screw froma hopper is nel*%@ﬁf*and a

gi ven anount thereof is fed to atip end of a heating cylinder. At this
time) the screw retreats while being sub| ected to ﬁressure of nolten resin

accunul ating at t héNeFEGTEAY NMOLPOMNCHMETHGD ANP feeNTREInAEST&Mdirect 1y to
the rear end of the screw The dr] aft is rotatably
supported on a pressure plﬁﬁ%%ﬂébﬁgﬂﬁ%bﬁmﬁg M%@'\{IWQe shaft is driven
through a timng belt by a servo-nmotor for driving rotation of the screw.
The pressure plate is driven through a ball screw by a servo-notor for
injection to advance and retreat along guide bars. The foregoing pressure
of nolten resin is detected by a load cell in a manner described later. A
detect ed val ue of BAGKGROWNRIOF THE ANVBETIONY a feed-back control | oop for

pressures. (B) Then driving of the servo-notor for injection causes the
pressure plate t oTaa\paﬁ%eéﬂﬂ@/eﬂﬂpn reigiesete @ awathod At ecreIGR THIGPIRICERS t he

screw tip ePor lnjectlon moﬂmg mac%eres, an?a azcontrol device therefor.

An explanation will be given to a molding operation of an injection
molding machine. In particular, an explanation will be given to the case of a
motor driven injection molding machine to center on motions of an injection
device.

(A) A servo-motor for driving rotation of a screw rotates the screw
whereby resin falling on a rear portion of the screw from a hopper is melted and
a given amount thereof is fed to a tip end of a heating cylinder. At this time, the
screw retreats while being subjected to pressure of molien resin accumulating
at the tip end of the heating cylinder.

Connected directly to the rear end of the screw is a drive shaft.

The drive shaft is rotatably supported on a pressure plate through
bearings. The drive shaft is driven through a timing belt by a servo-motor for
driving rotation of the screw. The pressure plate is driven through a ball screw
by a servo-motor for injection to advance and retreat along guide bars. The
foregoing pressure of molten resin is detected by a load cell in a manner
described later. A detected value of the load cell is fed back by a feed-back
control loop for pressures.

(B) Then driving of the servo-motor for injection causes the pressure

plate to advance o fill molten resin into a metal mold with the screw tip end as a
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piston. (C) At the end of the filling process, the nolten resin fills a
.cavity of the nmetal nold. At that tine, the advancing notion of the screw
causes conversion of velocity control into pressure control. Such
conversion of velocity control into pressure control is ca -
conversion. (D) Thereafter) the resin in_the cavity of theHJngtggﬁa#D@cP:i
becones col d under a set pressure. Resi nzpressure is controlled in

f eed- back control loop |Iike the above-nentioned pressure control. in the
injection dg¥ige, when the process (D) is termnated, it goes back to the
process (A) and shifts to the succeeding nolding cycle. Meanwhile, in a
mol d cl anpi ng dev({G)eAt thereidrafehé fifingitrbcddie iy ooiss réd fills Recavedalf thel d i s
opened to permt an ejector mechanismto discharge a nol di ng product having
been cool edm&trl re@ifi 4t tHasdimeaitie edeandihe medioalof fiog dcrieyy chumesccaryessivhit to
t he process f&85%) Wth rﬁzf_erence to Fi g 1, an explanation wll be given
her ei nbel owWPt YFIRHE GRNIEA! YO MpBIBHE 6PNBOIBIMER COPVESIPN Bl s BeamIalintg
machine to i i.njection device. The injection device
per forns fiﬁrl%lg%‘ggeo&}ﬁ@%eggfegg% nﬁ%foﬁgﬁvéoﬂ'i ng rotating notion of a
Servo-notor into (fredredRd Mo MsiintiAg casRy Of trd Mdld il BWcaR@sadyt- In
Fig. 1, rotation of the servo-notor 10 for injectionis transmtted to a
bai | screw ddder/s settprégsadaplesth presadreascentolbd et feeatbasrapniotl Ridpakeof the
ball screw 11 is fixed to a pressure plate 13. The pressure plate 13 is
nmovabl e al olilg abgyeumeahtiogedpragautiectydtrd. 14 (only two being shown) fixed to
a base franme (not shown). Advancing and retreating novenents are

transmitted to a '@dPeuriegtiomesYigs Whenmie recesa ) is BERIPAIRY itaoesbre dri ve
shaft 17. Th rive shaft_ 17 i I rotati.ngl riven,through a timng
ol t 20" by R LERRCs Y o il B T i oRbb R e Bl Shie. P i ng
driving of = 1 ] ¢ t i heati ng
cyl i nder 21 TG PraGe ARy W REENes b EEEPR OP® he T
January 2008péhdd o earehivén eluetdranbiimgnhisnltb nitksharde a Asldingtmbdoet m\}w]d; ng of
the servo-notor 10 causes advancenent of the screw 18 to thereby fill the
met al nol d gerhcodied andsalidiieddanddheretnerrasiah mad ipelessdita shifttthdheesin for

nolding. At this time, forces, which push the resin, are detected as
reaction foP©E8SH{Brhe | oad cell 15. A detected value fromthe |oad cell 15

is anplified by .0a | litier 22 , i.nput. i nto a troller 23.
vounted on ¢ he. prei8TPETEnts BRY 8 eRBeBrgs wibPL R B R RN on o
anount s of ~af et r WA : ; position
det ect or 24@@%@?&0 r;‘\ogér’]r cg}gsﬁ??Jieé?ﬂgE%?%ﬁggY%% {Ci{ﬁéfﬂ(}%?ﬁg controller
23. 1 n accoma8pes ofvahlinjsetidr nevies il ingdetidn ievie eredraisatlling bEmeashr ol | er
23 outputs to servo-anplifiers 26, 27 current (torque) commands dependi ng
upon the resgsechy ceny?riog seeding Thaticserfesamvptmétosirgo Asganmotiontwitl thér i ve
currents of the servo-notors 10, 19 to control output tor(%ue of the notors.

In the abovessiBht PEHEGTEMABESE B MeViBe &, MRISRf1Be SENT-BICR ST Bvent i onal | y

carried out. after .V; P ny.ersi S e I I onse
ca e B TS A LB SFRIEH 5 RALS Bab B bR BRGRSRETSS, i g
product s andy@teupbh rbiRn AARILEPLHeN0r PiafelS @ RSl Sbrd #PIthe
depressurization rromthe filling pressure to the dwelling pressure is
required. Fp@ssdrespiaves1dis ewaapleealong wapiynatiy ofaauideobans of (drily twageirg) oci ty
and of resin pressure before and after the V-P conversion. As apparent from
Fig. 2. w tshawe fixeiddo aabase frapiedngtprewrlutidrvantciog ang retreetin@l t due to sl ow
response speed since it is swtched to pre sure&c?nt ol after the V-P
conver si on. MEYEMERENRISIraRFTREAIP & e Sl Wt 3 Oﬁﬁ?”(ﬁ”gﬁ P8R’ Ng d6o Di sc)

o depr essunhd a Py LT RGRE il L R0 Brbunb V%8 iR g
much. ‘O ¢ heoobhe isado bk 1aabAlgnBrodNs} o kg cauire hi gh

injection v ressure changes very fast, so that pressure cannot
be control |l ed by RbgtihgshRigeoicthe@etasHotorctMtades the kéradangavyef888ind

a heating cylinder 21 while rotating whereby molten resin is accumulated at the



SUMVARY OF THE I NVENTION It is an object of the present invention to
.provide an injection nolding nethod, which can achieve stability in quality
of nolding products by retreating a screw i nmedi ately before conversion
fromvelocity control into pressure control to obtain a requjaqgarp2ee8ure
waveform It is another object of the ingention to provide a control system
suited for the above-nentioned nethod. An injection nolding nethod
according to the present invention conprises the steps of nelting nolten
resin w thitip @ntedthiengeayg ogierder @dy Andiroguitiag drivjngadfites sepsemotdt o n t he
heating cylinder to inject the nolten resin into a nold,, retracting the

i nj ection scaksestadvanseawst of tienseteposs o tbardmfforibecostpl eoldwitbfthehe
injection, further advancing the injection screw under pressure control. An

i nj ection nBSCHMAY ML MAHECEST BP0 SlRssHRH7a o FeimPr P IERe- At 838 /iMe.nvent i on
. o I t S . Y Lo
ot 1 or delSEET Aith BESh RGN S b ite B TRALERIRR A B e RaH el e
o ga eCl e o
Flrst feetback cf Fooirpo Lo Helom fiPle Ra B e oA B To an

inj ection naiplifideset oMb intbld esrarser bel Meentsd stetheciredsyiad pletd 19m t he
position detecting unit and the set value fromthe position setting unit.

The syst em alpositivormatécies 24 fprdatsatien obampohtssyf shevarmdrits lof therpeiese$8aA
pressure detecting unit for detecting a resin filing pressure, and a
pressure sefeiesiEdia've from Breonosition dgtestar Z\ﬂa'ﬁt?énﬂff'eg byian aAplifipeda iR Beand a
dwel I'i ng pressur e and at@FC gd feedback circuit for outputting a second
speed commali§ V4l (Elgve[%oqﬁ elr%‘ ection notor based upon a difference between

a detected val ue jy mothedy @ﬁﬁ%@ﬁin@%s@%lisﬂ%d%@rién S¥etatdietreedont@liige 281 om

the pressure setting unit. The systém further cConprises a swtching unit
for sw tchi agtpues wessveanaplifiers 26f 27 berréntr frqlieecdragiands depehaifid usdrd
second feed back circuit to provide a sel ected speed command val ue 17
January 200Bhéebrespettve pnocessenn hemsavo-amifiers 26 37ycardml dove systests ok
configured to performa control action for returning the infection screwto
a set at a PrecRIVeIRAED10el DI et SvtRHdoTNE thomodeiBew has advanced to

2, Predeter i ned pRoLL o BUEAR B d Hdil PLOEReBiocRIR LR e Lo o unt L

T et N e oSy SRIE BBl $paehy Lohe e o
response speed. As a result, this is responsible for dispersion in weight of
molding products and over-filling among molding products, for which rapid
depressurization from the filling pressure to the dwelling pressure is required.

Fig. 2 shows an example of varying waveforms of filling velocity and of

resin pressure before and after the V-P conversion. As apparent from Fig. 2.
with the prior art, rapid depressurization is difficult due to slow response speed
since it is switched to pressure control after the V-P conversion. For example,
with molding products for DVD (Digital Video Disc) and connectors, a dwelling
process is very short. In this case, the manner of depressurization after the V-P
conversion affects a molding product much. On the other hand, with molding

products, which require high injection velocities, pressure changes very fast, so

that pressure cannot be controlled by the response of pressure control.



Fig: 2 is a view show ng an exanple of varying waveforns of filling

vel ocity and of resin pressure before and after a V-P conversion. Fig. 3 is
a bl ock diagram showi ng a constitution of a drive control system of an
injection notor according to the present invention. Fig. 444 |

showi ng an exanple of varying wavefornms of filling vel oci t}ygﬁgu%ﬁ‘y%gg n
pressure before and after a V-P conver sibn accor di ng to the present
invention. Fig. 5is a view showi ng a waveform of screw position-filling

velocity in the fglMiNBRPIOESSE INVENTIONSt age control. Fig. 6 is a view
showi ng wavefornms of tine-filling velocity and tinme pressure, time-pressure

setting and ti ne-lastarabbjpcesktieereserthrevdrtibhitogrenoe easnjbaset muiding
mul ti-stage control. DESCRIPTION OF THE PREFERRED EMBODI MENTS Referring to
Fig. 3, an rerRplodnahicinean rehigee giabdiy inngealitnat meldite prasictoby seteatong dri ven

i njection nolding machi ne, according to an enbodi ment of the present
o enti on. T HE PO PapIEty PR s oBy S TR GoBie i BrRSSUrE | o

appl i cabl e I IPL airgéirggﬁr%ﬁkﬁ%g%&g@fgwg machine illustrated in Fig.

1. Therefore, an explanat Iven to the case, in which the

servo-notor 10 |1 aHyINar dbjdQ the irffentiBh &S biAidd §c‘éﬁﬁ&|r§Js't@rﬂ-suTt@e gpntrol
devi ce conprises a velocity ‘control system 31 for carrying out velocity

control, anteabpressemtoreatetiodsystem 35 for carrying out pressure
control. Conversion between these controls, that is, a V-P conversion is
carried out by nedhijegtionieingmsitod Swrdingdo tempwsedbiswenten | ater. The

vel ocity Cocnotnggrllsess% g%?%gslof r%rel\{i%?; r;[wglteinnpe!s?nn\?vﬁ infait I'ulaét[l]n (\:/ﬁiln%%ir,tgdvancing
an injection screw within the heating cylinder to inject the molten resin into a
mold,. retracting the injection screw to a predetermined position before
-Completion of the injection, further advancing the injection screw under pressure
control.

An injection molding machine control system according to the present
invention comprises a velocity control system which comprises a position
detecting unit for detecting a position of an injections screw, a position setting
unit for providing a set value of a position of the injection screw, and a first
feedback circuit for outputting a first speed command value to an injection motor
based upon a difference between a detected value from the position detecting
unit and the set value from the position setting unit. The system also
comprises a pressure control system which comprises a pressure detecting unit
for detecting a resin filing pressure, and a pressure setting unit for providing a
set value of a filling pressure and a dwelling pressure, and a second feedback
circuit for outputting a second speed command value to the injection motor
based upon a difference between a detected value from the pressure detecting
unit and the set value from the pressure setting unit. The system further
comprises a switching unit for switching between an output of the first feedback

circuit and second feed back circuit to provide a selected speed command value



control before the V-P conversion. The velocity control system 31 conprises
+a first feed-back systemfor outputting a speed command value to the
servo-notor 10 on the basis of a difference between a detected value Stb
froma position detecting unit for detecting a screw positydng ooat
value S,, froma position setting unit 31-1 for providing a set value of a
screw position. In addition, the position detecting unit conprises a speed
sensor 31-2 for detecting a rotating speed of the servo-notor 10, and a

cal cul ati ngthfHetin]%Biann%toi’.nt"ﬁw a&lbbify sorsted| eyt waddigigtdy fo perrdine aspeed
sensor 31-2 to calculate a screw position Sue. The position detecting unit
may be real ceridolactivhdopmtitninmtreédhpection sBeew td aset at dredet&inginedl. A si gnal
indicative of the screw position Stb calculated in the cal culating unit
31-3 is out ¥EPCHYWheRdRpiRipAiPrUBEreWNauagance e griyedrtRgMinga posiBonr ovi de
for conputation of_ a differenc etween it and the set value Srt. A signal

| i cat | ve. 188 BB ET AN6F ST AR er T S ER b Seetond fesdback

di fference §j %qg{h)er%gh'rnput to a conpensator 31-5 (first conpensatory. The
conpensat or 3175 6u puts a signal indicative of a speed conmand val ue for
the servo-notor 10 on the basis of the first difference signal thus input.
While the filling velocity control is inplenented, that is) when the switch
SW (first sw t chBRIEFmREeCBNYTONICH EHENDBANCINGSN t he speed command val ue
and the detected value Vfo fromthe speed sensor 31-2 is calculated in a
conputing unit 31F@- (tifiardewshewingg mefef friven fiedionrapldiitemaiching Witk gi ven

to a notor dri.ve 34 via a eed limter, 32 afnd a conpensator 33. The notor
drive 34 coRf IYFEIaMHde g?gsbsopﬁﬁtP’GrceT a@ﬁtrﬁr‘%o basis of an input fromthe

t 33. : ; t.1Ql ; f ti
o | mpl emont _pr es5 & Bany Enengih N REORIP U GRB oAt BTG, "ot one

control sys{ercitpaf@Epresieprésies 0Bfbreepd-A1asla BYSEENdrgbnout putting a
speed command val ue to the servo-notor 10 on the basis of a difference

bet ween a det ect eHigv8lisa hock dimgram@hessng e cdesttation 085-dtive@onttet ect i ng
resin filling pressure and a set value Prffroma pressure setting unit 35-2
for providi Bgstamsetar miemiopmeior ecagrditeisiiedreseid ipyarsionr e det ect or 35- 1
can be realized b¥.tge | oad C%H 15 iIIustratﬁd in Fiu‘%f 1. In,the second
feed- back system I8 EJMGUFPHSANING 38 e¥amble Bhirry Bigp¥EYHE TR P g‘”'@gl cul ates
a differenc Pf 35-1
for detecti gall&r@gy‘é‘?ﬁafoﬁllr%hg»?%%g_rsre‘ég%zb?gﬁglaaéieg?\%’/Ig%@\%?%%?ag%‘éﬁcﬁgé gcé essure
setting uni the3predenfinvbafieh, (referred below to as a second difference
signal) indicative of the difference is input into a conpensator (second
conpensat ory 35- 4Figlbes aoriperssaining 85wvavebarnpaot scrawsgpes@odneiiimgudiocdl ire t o
the servonotor 10 on the basis of the second difference signal. Wile the
pressure coftd Bling §regasedmentieglagenzantid, when the switch SW2 is made ON, a

di f f bet 1 d rand | the detected value f th
Specd sencor 31 2719 CuaPRUrSsCaHE A BTG I LG 1S 6o RECd T er ance

signal is gi ] jid ha. M : he
conpensatorbg%{gufr%etmng gér)é rr?\g/éhl)é@ a?r;&ntzldpglaicﬂﬁg?Pﬁ%&%i%&ﬁlil%p?ﬁf e basis
of an i nput phsedohheulgsRenseh®s. 33. The enbodi nent has a feature in that
wi th the above-described control device, a necessary pressure waveform can
be produced by returning the screwto a set position at a set velocity to
ef fect depressurization when the screw has advanced to aH_predeterm' ned

position in the fPEIGRIFISNESS BiEiRREERFFEMBHGIMEN S et el y, control
for returning the_s¢crew to the set sition to effect depressurization is
performed by usi naeﬁ{é‘n%ﬁ) gﬁﬁﬁ] a@oer#?%?at@?s\ '@%eﬁv?%ttoc%ﬁg?%‘?l Frece %or d
servo- not or I : S : hiSi ' i de
oFF) - Subseluant Tyt B Birg ek EPaC b0 B MG e e T
January 2003rdsdntevattioROThé bomtrdldeiild asdtRainBYo tsd peeseREINNEASSHIEE control
system 35 to control the servo-notor 10 while the swtch SW2 is nade ON
(the swit chaBplcabde tmden@BFHriFeminject®naneiding meahipedllustraied i hig. iavef or ns
of filling velocity and of resin pressure before and after the V-P

~conver si on. ThsrefpifacaraxMamion !l bg givereihbe @senbt Whish te selyoha®iadi@nced
to the predeterm ned position is detected. A desired pressure waveformis
obtained by returning the screwto the set position at the set velocity to
ef fect depressurization control imediately before the V-P conversi on when
the screw has advanced to the predeterm ned position. In addition, Figs. 2
and 4) respectively, show a state, in which the filling



velocity is of one stage, for sinplicity. Actually, with the enbodi nent,

+the filling process is carried out, as shown in Figs. 5 and 6, in
mul ti-stage control, in which the filling velocity is switched in
accordance with a position of the screw. Fig. 5 shows a mayﬁggﬁg%@q¥xﬁprew
position-filling velocity, and Fig. 6 shgms a waveformfor tinme-tilling

vel ocity, tinme-pressure setting and tine-actual waveform In this case)
depressurization is performed by returning the screwto a separately set

posi tion at fcr isjepwiraisontrotéd VEh®ebhtyolafdvile ddmpiseded esloerly tbafrot he screw
has reached a final stage position. fn addition, the present invention is

appl i cabl e systewt3ofur gamytngrownieleaitytoppkrol, rinelcd parssord domtgp! regstainn @S font
al so hydraulic type injection nolding nmachi nes. As described previously,
t he present CRMYBALOUbArassHR e_NtFlplendeisiasikeinvesatinese spmedsvihehis BeV<Etr ew

has advanced to a predetermned fillin ositiqQn _(set.val ue the screwis
ret urned toc%”‘?é%’oﬁé%F%ﬁ”&H QA‘E%Q( @8?“@896@&%5\/\%&9%% IR2d8e ¥ can nove in
response toquelReit¥iesontrol. As a result, a necessary pressure waveform
can be optionally set to thereby make nol ding products stable in quality.

17 January 2003 9TN¥dokbly cbhtrdERsterh 34 seivetdipthi@hehiiged Ve cp! di ng,

said nethod conprising the steps of: nelting nolten resin within a heating
cyl i nder; aderdrdibefprarthe v-Batonwarsam.eVinenvelbeity ¢drerchegsteny3t gbmudtisesta
infect the nolten resin into a nold; retracting the injection screwto a
pr edet er m nB@t fRes-Packnsysid v rier eipplitng aaPerd eaamance@lieie theusgnermotor

dvancing the injecti . d trol. 2. A method

fecited in 4PANINY DaRRAY A FINEE e RReER SRIGHERNG oS T BTSN o ew i 5
f ; | ! | ! ! S

Pher o nsai GECFNEUARTSRUALENIR: serbw BoBEbREAAAR0 SBIEE, Brfa Boklibn,

performed usstehg VRltaait JorgnblitMg a 4et GuilBhad ASY BBSHbAIN Addtich Ntha,

wherein the step of advancing the
position detecting unit comprises a speed sensor 31-2 for detecting a rotating
speed of the servo-motor 10, and a calculating unit 31-3 for integrating a
detected value Vg, from the speed sensor 31-2 to calculate a screw position Sy,
The position detecting unit may be realized by the position detector 34
illustrated in Fig. 1. A signal indicative of the screw position S;, calculated in the
calculating unit 31-3 is output to a computing unit 31-4 (first computing unit) to
provide for computation of a difference between it and the set value S..

A signal indicative of such difference (referred hereinbelow to as a first
difference signal) is input to a compensator 31-5 (first compensator). The
compensator 31-5 outputs a signal indicative of a speed command value for the
servo-motor 10 on the basis of the first difference signal thus input. While the
filling velocity control is implemented, that is, when the switch SW1 (first switch)
is made ON, a difference between the speed command value and the detected
value Vg, from the speed sensor 31-2 is calculated in a computing unit 31-6
(third computing unit). Such difference signal is given to a motor drive 34 via a
speed limiter 32 and a compensator 33. The motor drive 34 controls the servo-

motor 10 on the basis of an input from the compensator 33.



inj-ection screwis perfornmed by sequentially advancing the injection screw
+in a plurality of increnents until the screw reaches a predeterm ned
position, then performng the retracting step when the screw has reached a
| ast increment of the plurality of increnments. 5. A method it in
claim 2, wherein the step of advancing the injection screﬂ?ga%@c@%d by
sequentially advancing the injection screwin a plurality of increnents
until the screw reaches a predeterm ned position, then performng the
retracting step WHENPIESSUBTE@W H &ysteandhddnciionade implermant mressure lsentro!

plurality of_incr nts. 6. A_rmat hod as recited in claim1, wherein said
advanci ng, %f@rrta%'g}irﬁgf,oné(ﬁ@'cf'hr NRREATIVERANNG! SYHET B EOPEF'ESS AsPCRREor di ng
t i . injecti | di hi t

system saiBee R b REE ol oo ® SRR Bol iy BE SRR e o

system saigh el 964 ¥t §OidiBhod VEHAIB QBRI ALAGaReOStbhApARLERT I NG uni

for detecting a position of an Injection screw, a position setting unit for

provi di ng adetettov 3bLeiovidetedipgirbsiarilitfy pleesiuny @&l kRt sgluew, fanf 2 first
feedback circuit for outputting a first speed command value to an injection

not or basedrepsuresetiiig enitA6e2 toepyarndding adsttect wdol/@lingpfassord. Adeposi ti on
detecting unit and the set value fromthe position setting unit; a pressure

gont rol sys‘f@ﬁ?‘}’@ﬂedeﬁ%gédr 2t Bﬂf?%ﬂi@ﬁ)‘p o leadpell 3P Hb’séfjfﬁda@sﬁeé - In
setting onitersseBhp SRR Ddert B meun i R R nd B BuiE Bt 1 1 ng
pressure, %@a&%@aﬁeféﬁ%%ﬁ%b %f&%%g%grvl% pgtf@ln?gnéapr%‘%g oAy SReRs

command val ue to the injection erence between a

det ect ed vadaie ibr Qstethitg PESS SURE pledRee iand dsbtvaansiPL ensele prabygref rom t he
pressure setting unit; a swtching unit for swi tching between an output of

the first fessilmokit @6ruiA signdl fefeoret! heledliads & secanid differguce\digiesln
sel ected speed comuand value to the injection notor, wherein the velocity
control syshdigative ebiive gilie@mceds O BitenacTOPRRSHIOEErRT FOMPEBSEPRI ng t he

i njecti t i t4 det 1 hed ity wh th
oot on SALEW HReA RSl RaTllion s Bedel LM pet el Aoty ien he,
Process, ar}ﬁo@%eérﬁ‘g?ehgasﬁ%t%%oﬂ@'&iﬁéﬁ@h&&% aﬁo.wfﬂﬁfﬁ?&ngg%sh dback
circuit thereafter. 8. control systemas recited in clai erein the

filling prossgolisinifemhentey iyt i§ WehatetRCeWcEOW Z BRI mays DN Aiffargidy al ity
of increnents) wherein an advancenent of the injection screwis controlled

in a corredpindendhelspead icoynnednd value mpdtts e mesede d paletfiten posspeet of t he
injection screw, and wherein the injection screw_is retracted to the set
posi ti on af3&s1sof Ré-3 i cadeylatedde Ao RRIING A ha i-6a Thesliferencesigdahisned by a

s T e O P U ALl 8l BSLETRRN S o arfd ROTbRNerRRl 4B, 20
The motor drive 34 controls the servo-motor 10 on the basis of an input from the
compensator 33.

The embodiment has a feature in that with the above-described control
device, a necessary pressure waveform can be produced by returning the
screw to a set position at a set velocity to effect depressurization when the
screw has advanced to a predetermined position in the filling process of
injection molding. Concretely, control for returning the screw to the set position
to effect depressurization is performed by using the velocity control system 31
to control the servo-motor 10 while the switch SW1 is made ON (the switch

SW2 is made OFF). Subsequently, control after the screw has been returned to



_ .~ detecting unit conprises a speed sensor for detecting a rotating speed
- of the 17 January 2003 11 injection notor. 10. A control system as
recited in claim9, wherein the position detecting unit al so conprises

cal culating neans for integrating a detected value of the to
calcul ate the position of the injection gcrew 11. A contrﬁrgggg ,gmrmrgg
recited in claim7, wherein the first feedback circuit further conprises a
first conputing unit for computing a difference between the detected val ue
from the pabetseopositbedd padommed bandirighttepetssume gonfrolsystdre 5B ddrrdl
setting unit to output a first difference signal. 12. A control system as
recited in tOP&EAVOEMOIQhEY wihile e awiteh SW2 icmisde O i(thewawitdhuBY\Heis medpri ses
a first co%ngator for outputting the speed command val ue for the

I njection }' based upon the first difiference signal. 13. A control

system as recited-jin i i e C f k ¢clrcuit
conprises a secoﬂﬁb'c%%ﬁ\”gﬁézeuxr%%%%rfQ@&]ﬁ%ﬁg?ﬁg{aﬁma%ﬁﬂgﬁéryggo%lgt%deﬁf t he
det ect ed vabyp JreesrkNfurbiessihRe ORlogH E&qdé?éién.%@aﬁﬁ'&e%?fro%#@ gfromthe
pressure setting unit to output a second difiference signal. 14.” A control

system as rnweieéthedot notcthaistréhd hakwdvaaced @ikl rebgteamiReiaskiveensat or for
outputting the speed command value for the injection notor based upon the

second di f fagtesied. AidpsiPd PISSSUse y@EVEI@ syatlaRed dyrretirnied tha scraw e 14

wherein t hes t%%iSIItiiognat the set velocity to effect depressurization control immediately
before the V-P conversion when the screw has advanced to the predetermined
position.

In addition, Figs. 2 and 4, respectively, show a state, in which the filling
velocity is of one stage, for simplicity. Actually, with the embodiment, the filling
process is carried out, as shown in Figs. 5 and 6, in multi-stage control, in which
the filling velocity is switched in accordance with a position of the screw. Fig. 5
shows a waveform for screw position-filling velocity, and Fig. 6 shows a
waveform for time-filling velocity, time-pressure setting and time-actual
waveform. In this case, depressurization is performed by returning the screw to
a separately set position at a separately set velocity after it is detected that the
screw has reached a final stage position.

In addition, the present invention is applicable to not only motor driven
type injection molding machines but also hydraulic type injection molding
machines.

As described previously, the present invention enables rapid
depressurization since when the screw has advanced to a predetermined filling
position (set value), the screw is returned to a set position at a set velocity
whereby the screw can move in response to velocity control. As a result, a

necessary pressure waveform can be optionally set to thereby make molding

products stable in quality.



detecting unit conprises a speed sensor for detecting a rotating speed of
the injection notor. 16. A control systemas recited in claim15, further
conprising cal cul ati ng neans connected to the speed sensor for integrating
a detected value of the speed sensor to conpute the positi ,P
injection screw. 17. A control systemasgrecited in clain1ggf8@#% gog3said
swtching unit conprises a first swtch Connected between the first
conpensator and a notor drive, and a second switch connected between the
second conpensator _ and the notor drive. 17 January 2003 12 18. A
control systemas recited in claim117, further conprising a third conputing
unit connecVEdAT ¢S &HAIMRR ISi de of the notor drive, said third conputing

unit for subtracting,a detected val ue of the speed sensor fromthe speed
conmand val ue from t he"EFOSOfIIRERHS Bt ‘”Q\tl‘l%adg?’?f‘éh@ FOMPERINGIHE LepHOtin ON

Lo subt ract rhe dEiindrolEt s Bt 2ERUAE SE . om the specd command
val ue fromthe Seﬁ&%&r‘?@%ﬁﬁé&?dn g\/ﬂ%wmn%ﬁ&ﬂeguﬁd%%@ewoiﬂpe N

condition, to output a result of the subtraction to the notor "drive. 19. An

i nj ecti on nplaiiengesmdhion® meddt rol system said system conprising: velocity
control neans for controlling an injection screw based on velocity control,
said vel ocity contat@Ctingdhe ingestipn sarey tp GsirereieradiascResitprieaiose f or
detecting a ositj on .of the injection screw, position setting neans for
provi di ng aCYEPIRHRNRE 188 MEHEE  tion of the injection screw, and first

motor based upon WA Avehdfofat (ol Rt GPRRF Ot Faltne positi on
detecting unit and t AengflodVa Hitbd MLl 19%%?&19%@%‘3&%% a@‘%ﬁﬁéihgﬁﬁ@ssur e

control neans for controlling the injection screw by pressure control, said
pressur e confjgQion Ay i peroirsedanpeessotisy ceitett i ng means for detecting a
resin filling pressure, and pressure setting means for providing a set

val ue of a filling pAgpsinod amieciiedirligimd. pihesgnsad sings séadvangisedback
means for outputting a second speed commapnd val ue to the injection notor
based upon &" F?V@FgﬁU@eB@FﬁQ@hgge&é?%ﬁ? rv&%dﬁmkVHﬁkpﬁécﬁbgggure

detect ing means apd hficcfel AR IPMAERG. RESRSHLE SELLIMBVIREIS e

swi tching neans for Sw ween~an ou eedback neans

R e A
plurality of increments until the screw reaches a predetermined position, then
performing the retracting step when the screw has reached a last increment of
the plurality of increments.

5. A method as recited in claim 2, wherein the step of advancing the
Injection screw is performed by sequentially advancing the injection screw in a
plurality of increments until the screw reaches a predetermined position, then
performing the retracting step when the screw has reached a last increment of
the plurality of increments.

6. A method as recited in claim 1, wherein said advancing, retracting,
and further advancing steps are performed according to a resin pressure
waveform.

7. An injection molding machine control system, said system

comprising:



wherein the velocity control neans is configured to performa control
action for returning the injection screwto a set position at a

predeterm ned velocity when the injection screw has advanced to a
predeterm ned position during a filling process, and wher ey jhhga V'Zdo@hl ng
means switches to the second feedback mﬁ_ﬁns thereafter. 20. A con
systemas recited in claim19, wherein e filling process is perforrred by
the velocity control neans in a plurality of increnents, wherein an
advancenent of th@vel@b&szbbmmoi%@ml@u@oawcqylc@ﬁtrbrsﬁt&ﬁrdoﬂﬁﬂm ]S
plurality of increnents based upon the position of the injection screw, and
wherein t hepmmpmdetmtnsgmewmrsdetecmg:a@@sttmntdfeansnetecpos|st:reum aaposnomn he

i njection screw has reached a position determned by a | ast increnent of
the plural i $§HB8 UNHEPTERRENIANG 2 Bet YalkB@f BRIOSIRN @iiNgdniPEtqn 8ereih a8k m 19,

dot ect i ng 2o EoRRG« SRuaEics PTG P BT e o o3 va Sﬁ%rﬁ”r‘fﬁﬁ“@{p%[em as
recited in glglm d MY £hRreldl LA delberdd \%ug%ﬁgth% At

cal cul ati ng neans Integrating a detected value o S eed sensor

nmeans to calietebant dgeuhhanmﬁetsewal@é flohetHe b @itidroBeBsg ifit; 23. A control
systemas recited in claim19, wherein the first f eedback means furt her

conprises first capprasungcomarisyswm,capptessyracdntdlesystere cbetpruserg & he
detected value fromthe position detecting neans and the set value fromthe
position seFPrteisﬁg”fh%%?ﬁ@“W%Uﬁ'hf%lﬂet%?tﬂgr%fesdf" fitiep dreesuse gand a PPASSUsEcont r ol
systemas r ted i V\IQ € : st _fee ans further
compr i ses {15vS Loliiera R Bt shO Bp 066{*&&9Prﬁgswea%%a&w”im%w&svaﬁ’ue
for the injgeh LQR:BREPEe %l%@@?brtélﬁplmﬁéta SHddr c?n?'ﬂ h% v%ﬁ.\et%

ond fee nmeans

control systemas recited 1n claim?24 el n the

conpri ses sgeadn@cieipisibngadiRRmNsor Qdif8ptd beBveerth Ufetﬁc@éwealbétﬂ@ﬁmhé he
detected value fromthe pressure detecting neans and -. t he set val ue

fromthe preesaure detecingunitand theselngiue framstheopressirkfsatémpenit; 17 January
2003 a switching unit for switching between an output of the first feedback

circuit and second feedback circuit to provide a selected speed command value

to the injection motor,

wherein the velocity control system is configured to perform a control
action for returning the injection screw to a set position at a predetermined
velocity when the injection screw has advanced to a predetermined position
during a filling process, and wherein the switching unit switches to the second
feedback circuit thereafter.

8. A control system as recited in claim 7, wherein the filling process is
performed by the velocity control system in a plurality of increments, wherein an
advancement of the injection screw is controlled in a corresponding plurality of
increments based upon the position of the injection screw, and wherein the
injection screw is retracted to the set position after the injection screw has
reached a position determined by a last increment of the plurality of increments.

9. A control system as recited in claim 7, wherein the position

detecting unit comprises a speed sensor for detecting a rotating speed of the



14 signal. 26. A control systemas recited in claim25, further conprising
» second conpensat or neans for outputting the speed command val ue for the

i njection notor based upon the second difference signal. 27. A control
systemas recited in claim28, wherein the position detecti

conpri ses speed sensor neans for detecting a rotating spee ?glfaﬁgﬁQSZOOS
injection notor. 28. A control system asl ecited in claim27, further
conprising cal cul ati ng neans connected to the speed sensor neans for

i nt egr at i ng;rﬁecﬂi@he{ﬂb@d val ue of the speed sensor to conmput e t he position of
the injection screw. 29. A control systemas recited in claim26, wherein
said switching nedbs Acuptriosegstémrast resited ¢ clarads whensie thedobiebmneen t he
first conpensator nmeans and a notor drive, and second swi tch neans

connect ed bEEREEAT LB %&wmpamﬁp@ﬁgdﬂmg REBNS fahwtqgfétlm@a&etamieae/ah@ A

trol t ted f th third t
means. connetl B TG PaRALIS SRBU=H PEIRPTHATLY! e ORI EhFIethi rd comput i ng
means for subtract] ngs g AgheelerVAl Hen0l id L FICERGRRISA (P AISyJIAM t he

speed command val ue from t conpénsator mneans when switch

neans is i ncagLiNreendbiipPBes éﬁﬁst%ﬂrﬁ;bﬁtnr% m;ﬂmlrtcomfpuhhgawﬁérre%bl on to the
notor drive, and to subtract the detect val ue of the speed sensor neans

fromt he spbetvasmtmarttiectedeafussimmitbe pesiiod deveqiegatitandriensetwatre t he
second switch is in an ON condition, to output a result of the subtraction
to the not offOBYHEROSTHIOMASIANRS MANIC ojtnay aAive) dikANCASINAL Al . AFhI .

UY. AYA. AU E . A
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calculating means connected to the speed sensor for integrating a detected
value of the speed sensor to compute the position of the injection screw.

17. A control system as recited in claim 14, wherein said switching
unit comprises a first switch connected between the first compensator and a

motor drive, and a second switch connected between the second compensator

and the motor drive.
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subtract the detected value of the speed sensor from the speed command value
from the second compensator when the second switch is in an ON condition, to
output a result of the subtraction to the motor drive.

19. An injection molding machine control system, said system
comprising:

velocity control means for controlling an injection screw based on
velocity control, said velocity control means comprising position detecting
means for detecting a position of the injection screw, position setting means for
providing a set value of a position of the injection screw, and first feedback
means for outputting a first speed command value to an injection motor based
upon a difference between a detected value from the position detecting unit and
the set value from the position setting means;

pressure control means for controlling the injection screw by pressure
control, said pressure control means comprising pressure detecting means for
detecting a resin filling pressure, and pressure setting means for providing a set
value of a filling pressure and a dwelling pressure, and second feedback means
for outputting a second speed command value to the injection motor based
upon a difference between a detected value from the pressure detecting means
and the set value from the pressure setting means;

switching means for switching between an output of the first feedback
means and second feedback means to provide a selected speed command

value to the injection motor,
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injection screw is retracted to the set position after the injection screw has
reached a position determined by a last increment of the plurality of increments.
21. A control system as recited in claim 19, wherein the position
detecting means comprises speed sensor means for detecting a rotating speed
of the injection motor.
22. A control system as recited in claim 21, wherein the position
detecting means also comprises calculating means for integrating a detected
value of the speed sensor means 1o calculate the position of the injection screw.
23. A control system as recited in claim 19, wherein the first feedback
means further comprises first computing means for computing a difference
between the detected value from the position detecting means and the set value
from the position setting means 1o output a first difference signal.
24. A control system as recited in claim 23, wherein the first feedback
means further comprises first compensator means for outputting the speed
command value for the injection motor based upon the first difference signal.
25. A control system as recited in claim 24, wherein the second
feedback means comprises second computing means for computing a

difference between the detected value from the pressure detecting means and

the set value from the pressure setting means to output a second difference
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27. A control system as recited in claim 26, wherein the position
detecting means comprises speed sensor means for detecting a rotating speed
of the injection motor.

28. A control system as recited in claim 27, further comprising
calculating means connected to the speed sensor means for integrating a
detected value of the speed sensor to compute the position of the injection
SCrew.

29. A control system as recited in claim 26, wherein said switching
means comprises first switch means connected between the first compensator
means and a motor drive, and second switch means connected between the
second compensator means and the motor drive.

30. A control system as recited in claim 29, further comprising third
computing means connected to an input side of the motor drive, said third
computing means for subtracting a detected value of the speed sensor means
from the speed command value from the first compensator means when the first
switch means is in an ON condition, and output a result of the subtraction to the
motor drive, and to subtract the detected value of the speed sensor means from
the speed command value from the second compensator means when the
second switch is in an ON condition, 1o output a result of the subtraction 1o the

motor drive.



