ope3eal ai "x6TFK! 22 May 2003 MOLDI NG MACHI NE CAPABLE OF REDUCI NG
(/ARI ATI ONS | N WEI GHT OF MOLDED PRODUCTS BACKGROUND OF THE | NVENTI ON The
present invention relates to a nethod for controlling an inj ectl on nol di ng
machi ne and, nore specifically, a controlling nethod that isp gyag;@ to
reduce variations in weight of nolded pr oduct S. Referring now to Fig.

not or-driven | nj ec nol di ng machi ne le now be descri bed, centeri ng on
an inj ectl @ ded therein. The ' notordriven injection nolding
machi ne co I'njection unit driven by a se I n such an

i njection uni t ﬂsem&'atl on of the servonotor is conv W | i near
notion by a baII screw and a nut, thereby noving a sc d and

backward. In Fig. 1, rotation of an injection servonot6fod is transmitted
to a ball screw 12. A nut 13 is fixed on a pressure plate 14 and noved
forward and backward l:MEﬂ'(b‘@lDiF@R&ONWBQiaJINGs%NéWE@Tl@Ne pressure plate

14 i s novabl e al ong fourég)il de bars 15 18@5\-%'% of them are shown in
the figure) fixed on e, ﬁrMﬁ@ﬁW&cé\ﬁ’ )E.O d?@\lap@”?iﬁd backward notion

Poad cel1 15, and antPhAHENSG POMIFICEE ORbCEFERBaCTS: arabl y and -

axially novably disposed in a heating cylinder 21. The heating cylinder 21
i ncl udes a hopper 22 for feeding a resin at the position corresponding to
the rear portion of the screw 20. Rotation notion of a servonotor 24 for
rotating the screw 20 is transmtted to the injection shaft 19 via
connect i ng menbeBACKGRMINAD R THE INGENPIUDNeys. In 22 May 2003 2 ot her
words, the servonptor 24 rotates the injection shaft 19, which rotates the
screw 20. In a pI Fastrresentigyaniiaseiates &%s@@od farcostrpling 2D iniclieBs and

M front of dfeodurdingano, lrs Faetifin g B dnohyiat o s030eNE oi e
of a nozzl g, gjﬂgr-ﬁ@%ngﬁ‘?b\%ﬁdgﬁpmﬁm rdfuctde screw 20 is effected by a

pressure cause y the y increasing anount of a nolten resin stored
in front of the R@W@Wn%@movdmﬁ f it | & M@opaMveMinRRibANFERPGEREchiherwiar d
novenment of the screw 20 is ef ected by driving force of the injection

ser vonot or now, baxHeseibed; kenteingem arijectonamidneindéd trareot.  tTie wotaw 20 i s
filled and pressurized in a netal nold for nolding. In this case, the force
to press tﬁavwm%ﬁ'%@pwm%m@w&wwqw mﬁi'owmt driyeasb¥ad i nj ecti on

pressure. ect.ion ur ified a | oad cell

ot i1 er 98GR P THBh T bRRnh EBR oiaton & sty & oiiefl

provi ded ; i s GGt enent
of the sc\rl\qerwzaai!r@'ﬁ?éﬁ% kaég)%g%gna a&ﬁt pﬂtﬁt ﬁ%q"%%nrﬁbpﬁga%ggﬂ%t I g’fn et ector
27 i s anpl ghdethchwaed.posi tion detector anplifier 28 and fed into the
controller 26. The controller 26 outputs current (torque) instruction

val ues cor respontt hig. tlorotatiom eépemjém?mrpsm@mgw 1dds tanemittetbtosabalial ues

preset by a dis Iay/settl ng uni.t via a man-machine controller 34 A
drive 29 céﬁfer"\’)lg cOrEnS | 6'P<e€r°i”\ﬁ RYPSEHEE P‘ﬁ}%é‘ﬁ?ﬁﬁ nRRYafiRpvard andt o

corrent TorasiweRl S fodliol Blab At an, B ST AR e matebd oroPabRl Lt ons
of the sery fbruréﬂlde-rt?@rs'@ eBLLAY tﬁ/%r Q %re%ﬁo@rﬂ%%@ﬁﬂ@k%%ﬁ%&%rn 24

conpri se encoders 31 and 32 respe t|v etecting t ers of

revol utions béElwfrﬁrtnéﬂﬁstm‘fwm)evﬂdﬂWamléndiaé&aﬁﬁd rhstidrhef agndessre31l and 32
are fed to the controller 26. Especially, the nunber of revolutions

det ect ed bylathd deindeemied isasseaw £0 Vienaweatisg fdnbdsacéell €8 ohnd aons of t he
screw 20. injection shaft 19. The screw 20 is rotatably and axially movably disposed in a

heating cylinder 21. The heating cylinder 21 includes a hopper 22 for feeding

a resin at the position corresponding to the rear portion of the screw 20.

Rotation motion of a servomotor 24 for rotating the screw 20 is transmitted to

the injection shaft 19 via connecting members 23 such as a belt or pulleys. In



22 May 2003 3 On the other hand, a plurality of heaters 40 are disposed
around the heating cylinder 21 for heating and nelting the resin fed from
t he hopper 22. These heaters 40 are controlled by a tenperature controller
41. The tenperature controller 41 receives the tenperature d?%ﬁ/%}ﬂﬂm
signals fed froma plurality of thernocouples 42 disposed in eviclnity
of the heaters 40. The tenperature contEOI | er 41 outputs the tenperature
detecting signals fromthe plurality of“thernocouples 42 to the controller
26 as thernocoupl e-detected values. The tenperature controller 41 al so
control s t BehdIweraki the vdiasiera dttdagrdnpttibAShBRAEWhich rotates the
tenperature-setting signals that represent the heater tenperature setting
val ues senscfawf0t he controller 26. Actually, as shown in Fig. 2, nultiple
zones are defined around the heating cylinder 21, and the respective
heaters are di spbsad®lasiicizng/mepsyiRg PIasessohescsweldotaies RBAMANESCY! i nder

o SR AR SR Wl SRR Wb
i i . , 24,
T BB ISy R BB S R S 20

mol di ng Waqgtert?ackvrara VBt R thd ScrB el RCHEEedPbY Al F8sdfk Walsel tyr oduct s

that are stable in quality in a short time at a | ow cost. Hereinafter) the
descri pti onh@bedudiipéngtadihg ammlnt oy awhblterbeesirasterdd m fromtepftioe sbeevw@Dght  of
t he nol ded product. The control ling nmethods for obtaini ng-l a stable quality

are as follows. Tna filingsandrinieningipsoeessoimmmerd muyemartiof thensgrewa?l ifake
correction for (y'nstgr,ban es. |.n other words, feeﬂiao Ce?bnt()m ‘QFi ntains a
char act er | §TECIAHRY dfidNg SHER RE HG) NRFIRE SEVATPIF AAt MOB™ERY & MASbns i n

wei ght of : r kR _C P [

vt ght of RLASHOREOHYRYS o hec QR 2R e <RE HRAIBERIY et OIS

wei ght of theiiR). ded 15 RAYE BieitBrcady FnESs traNdofabladim e Gdiealsy hat cancel s
the estimated variations (feed forward control). 22 May 2003 "4 However,
in the secanad ceitl 8@slamigjentibh@iesdurel sThedgtatitdd injedtiontressrers ai n t he
controll ed object. Therefore, before using the second controlling nethod
gener al | y, arapifigsitabe éoad erlsamplifies @5vant feRkdnter 2 cagtreltal Ao  tTHE AESERedi agr am
of Fig. 3, the outline of a nold internal sure feed forwar ontrol ling
met hod basdi@En4 FLO¥WESHM LA PPBITIPR HS?%‘P%?%F%S%%WQEI'"? ﬁrqor@qio(rij ection
process wi | { Fi ' ; function
D OCeSS o g mEAPE RS e B0F! S b SALSLIGHEPEERERES ord HRNSEGHd Ut o7
conj unct i oryeakétBr B Gs afplifed biAa(RsitiPd&eeRy anbiitieAPS &AH féuntbiled of the
process. GL p(S) represents a’transfer function for converting a

di st ur bancecaatieag6vari ati ons in tenperature of the heating cylinder 21
into variations in density of the nolten resin, It is because variations in
density of the nolheeontedien 28fqudruts sHrenb(temsiug) instrecten vakessure, and

tly, the weight of the nol ded t . The disturhb i
Caused by VATISRORRGEES TetECNARIT ESoB Caard A BHae) 1EINER LRt Ve of the

heati ng cyl i . Or . e t : regi e

t enper at ur ea'gglgp/ﬁéﬁgpesgﬁg%Pga%ﬁ'}aﬁl'h@a%'r?%re@ n('E)F;3 |l%r§<§}4dl uﬁd@\r’é%g% oﬁrg‘]{cr ew. In
any cases, &@pGhl iRvisg HOhfectibalsePRINM@BPINEL EonttdlDURRASKIUEVS thepes of
.the disturbance may detect such disturbances, and the detected results are
fed to a subjectionhesentmotdsdtun Agirivha&0 ¢drercds guraéntiet dendng theesemvansditer
function Gc(S) in the controller and the transfer function G(S) of the
process is & \aroriredheouabenp! tauelutioas of dhe seemateiedtti nT MO on with
Fig. 1, & éS@ = val ue d ibect ed atsssure/val ue detect gﬁ a%o,#éﬁe | oad cel |
(S), are sat®¥PIOLT OrPthEOIHUP MR ES THBPTFSRRGELTS ah& ot GL p(S) i s

used for ISASLEELIG, ShARBIS O LATRBLILE AL AAENSTHIaRBU 0! cont T o

caused by disturl S case, no ernal pressure that may
effect on tF&o\’éﬁi‘oﬁ@tde@écté@%yﬁﬁ%gﬁ%ﬁr%@g?%d 32\afdIfEdG theabnirbRerap@unt  of
y

change in the nold internal
Especially, the number of revolutions detected by the encoder 32 is used to

know the number of revolutions of the screw 20.



pressure caused by the disturbance is [err] (t), the transfer function Gl
p(S) 1s used for generating the signal corresponding to -Op(t). As

descri bed above, in the current feed forward controlling nmethod, variations
in weight of the nolded product is intended to be elim natedypygipaayai ni ng
the nold internal pressure at a intended val ue by detecting the

di sturbances that have been converted igto variations in density of the
nolten resin and appl yi ng operational signals that can cancel detected
variations in density of nolten resin to the control system The
operational si gnaghshéetdriHed, Belieraliadt, hexip®rei40 &ral dishostidgralnd @he Whi ch the
real stroke of the screwin the injection process is considered to be the
anount of lopairat ¢ydindeHaNdoreheating arsd mettingabg resin dechfrent theanoriar@®s i n
density of the nolten resin into the real stroke of the screw. Even for the
i dentical Vhesabealgss A8 agessnglies by pdempefatire eantilleiAdén ¢R8nges occurred
in the tenperature of the resin or the anount of cushion at the .tinme of

| nj ect i ng RORTGAILTEROTHPIGS EruaRS NaCCROR ) SN RS BRA O R 5 i s
difficulty h f CDLET i eul t f,Qr control
wll now b%mels (raf Ergezﬂ'prc QW%%ZS@E éé%ednlp qﬂ%&‘rﬁw féf\}ﬁéevr\feg%%% 4§r' m(réy cause
of vari ati igpdAndteDntrs| & 41 BEtHIRS iHRtehfEratuFORSIeetiSg Syne®d #réfi1BBS i n size
of aresin material (variations in size of the pellet”or ground material).

I n the act phralhpbofithenmaeeupleser? toahsribhtrdiiér6 as lariozbopletdeteoteldt en resin
density enpl oyed here uses the technique of changing the set tenperatures
for the zov@vegl Ahdigpperatuteecoidealiendt @aa epmdrolthespigigiity af Feaer40 Mor e

specifical|ly, the set values of tenperature for the zones Z1 and Z2 of the
heat | ng cy%%ipnéfie hegfer e eamua Soting Siee -tﬁat EREpsRNtdhe Fedlet: oh el ¢ ng

of a resi ntérﬂ]ﬁ%@ﬁdggn&%qé\:@ﬁiﬁ Qéﬁt#@r\ﬁhe%ﬁﬁtr&'f’er% reasons such that the

size of are eria arge, The nolding cyc¢cle is short, or the
measuring strokeaidar &esha® i BRS Nniuftidid 26ndPhlel difinle@nmelal e of a
resin is not affected largely by & small 'change of the set val ues of

t enper at ur aeéimg tyimdeo2esardd tleen cespctiven hagliergatehgispogdekin théir respdativeon of
the screw or the backing pressure of the 22 May 2003 6 screw nmay be
cont enpl at ganessaepyngl themeatingeylirderad, amdiindeppadertivreantwdiad ot teyensedipl oyed

easily due to its.significant effect on the, tenperature of resin, SUVWARY
e THE | NVERRT AR oNATTIATY: MO HPT coyf PG TG 16 RSt BaOaRST LA | on Lo

t I 0 id
met hod T or “0RREPaP FIRG- o i 2B O FE I B heRhe A e romAfed 2qed” °°
variationszinzperghg4 odnd le_a'?f@lads@lat@a Wyéé&ncbttﬁ@vércﬁ?@trﬁﬁzlé)bh get of the

present invention to stabilize the density of the nolten resin and to
reduce vari ati ong the inEctbh nodldingemachidedt jzriothoctnbio mddufagtae alaxge i ary
f eedback control systemthat considers the tenperature of a heating

cyl i nder ayolume ahBiasiucts theharegiapla inctvalityhs apshaskiimeiatedani &sti s a net hod
f trol]in i.nj ection. nol di | ne. .The, nmet hod ar di t

or cortr oLl an.gn ol cell an el ngrckine,  The et hod Secarding g0 2
density of v\%i@\)c}f‘?ﬁe hoiiéd ?fblcﬁjck'.ea?hé'goﬁ%cé)li@g{gtq&ﬁnﬁgb{diﬁﬁﬁpgﬁ &%B%ke of an

i njection scr Inaninje on process orward con ased on

the neasur igpgligteB.asHBlowoNt TRE kit SR REE 2bhREIIRG HRSTRLE that canhRaka] ection
nol di ng machi né based upon the neasuring step. The nethod according to a

second aspeotreofiort fez distegEmicesnv énbdihen woody fesdmckwngbepmirdbingeasuri ng a
density of nmolten resin in a heating cylinder, determning a state of a
t enper at ur €hafacterstisdhal isgonpidenedio basarligpmiiva tpvatatensriniweioht gbri t hm

d trolli t t f heat i li nd d h
reasur i ng FUBCHROTHES fheasiaRied TNEAR0BE TAESE i EParar Betidineby
gasurt | el ' fp | dadies L ON OF
The DRaw LR RakBn SRt 1 ecip BRRE RS K WelblR BruRantidedt) 0P
ot or dri venybdi@sid a8vamiediang dPpHhd 8ignals that cancels the estimated variations

(feed forward control).



Fig. 2 is an explanatory drawing illustrating a plurality of heaters to be
provi ded around a heated cylinder; 22 May 2003 Fig. 3 is a block diagram
showi ng a conventional nold internal pressure feed forward control system
Fig. 4 is a block diagramshowing a nold internal pressure f?gq\négﬁpgéd
control systemaccording to a first enbodi ment of the present invention,
Fig. 5 is an explanatory drawing illustgating the neasurenent of the
density of the nolten resin; and Fig. 6 is a block diagramof a control
system according to a second enbodi nent of the present invention.

DESCRI PTI ON OF THoweREF, bERIRED: dddsaidviisTivghatiiod, itds neny diffickitgs 4, a nol d
internal pressure feed forward controlling nethod according to a first
enbodi ment astertdin tipe egrtnvlladatiect ol heréforaybefdre uséntthietsagongiopntrolling a

bl ock diagram of the nold internal pressure feed forward control system
accor di ng T&tha@ ggPeEdkt MARY eFLIeRS MystiieesyY@Gent invention) as show in

Syai em descr i bed 1 1C 00N GHERT R S 5 Fiehd: HEceBERLBRITE cyet em 60
s _used Tofypet BFaties feRRclBARkcork i Bl Sbdlensl g Bleohe ol ten

resin nmeasured by a nmeasuring device measuri ng ensity of the

nol ten r escontrdigg neapbapkeemidd Pl theisjeetid®Brdcese N Bé @@stibddie In Fig.
pl astici zing process, and devised to elimnate the effects of

uncert ai nt Be§ic(@hrephesards Bdardférfunti@reionie contnber foysergmllingythe ni m zi ng
variations in density of the nolten resin by the feedback control system 60
bef or e begi™MAFiR serOMRtACYi drechPed &3 soniNBEkors YR iFg.clalang GpiP)t he f eedback
control system 60, a ne.of .the nunber of rgyolutions of the screw, the
backi ng ot Leugeentsd Pradee rbibd e R hedt: G B irkRER R draitve | s

cont rol | ed gy R%Htégngmﬁs didthitriestiched R¥iatiBRs FPRMIdBag By ke for

nmeasuri ng the densi e nolten resin to mnimze vari ations thereof.

Referring mewtihg cyitieratiantaivariedionk i eehsignofBkhaiter@el. nat ishxavauss Fi g.

1, the control of the nunber of revolutions of the screw 22 May 2003 s 20
may be realvardeatiors/incdensitylof theymolten sesin@ifecbon e mbhkinternal plesefirg, he nunber
of revolution of the screw 20 may be realized by controlling the injection
ser vonot or g conseqeemiy: d1e weighhef thenpeldedirredyét AL VaRat iTh cylinder 21 is

realized by;qontiobhi g ustenjebyb\e/grﬁoedssfaépdrs, for example, by variations in

temperature of the heating cylinder 21, or by the state of the molten resin such
as the temperature or the pressure, and the number of revolutions of the screw.
In any cases, respective sensors that correspond to the respective types of the
disturbance may detect such disturbances, and the detected results are fed to a
subtracter 51. Assuming that the signal between the transfer function Ge(S) in
the controller and the transfer function Gp(S) of the process is a value detected
by the load cell described in conjunction with Fig. 1,

Gc (S) = value detected at the load cell (S)/disturbance (S),

Gp (S) = mold internal pressure/value detected at the load cell (S),
are satisfied.

On the other hand, the transfer function G1p(S) is used for generating
signals for canceling variations in amount of control caused by disturbances (in
this case, the mold internal pressure that may effect on the weight of the

molded product). Assuming that the amount of change in the moid internal



The injection nolding nmachine to which this enbodinment is applied is

predi cated on the structure as described below. In other words, the

i njection nmolding nmachine of this enbodi nent conprises a checking nmechani sm
at the head portion of the screw, and the checki ng nechani smzaq{lgﬁzﬁbgsed
before injection, wherein nmeasurenment of the density of the noltenh resin
may be perfornmed by pressing the screw. _To put is briefly, as shown in Fig.
5, the density of the nolten resin is dtected in such a manner t hat) upon
conpl eti on of neasuring process, the checking nmechani sm20-1 isolates the
forward segtdQirOtalidil BEafk Moflrbateb &dﬂ@,%ﬁé BUnS@r ARG @YY | ng
portion in the heating cylinder 21, then the injection servonotor 11 (See
Fig. 1) appédésr gerepatirigine dignaleokrespohdiagssramt)20 to nove it forward, and
the resultant anount of the forward novenent [err]S of the screw 20 is

det ect ed, and coASdtpsenbey abpee,deitke cyrrent fepd fermare sonealiing iketbedect ed
based on the detected forward novement 0S of the screw 20. The anpunt of

forward noYeHainsyis Weightes tae reqlded predusd isintengles\ole-e PRIBAI&HRY det ect or

ol di g e R e R el FreReRle A rfindd St B sEguiaing™ £t O
Japanese U'a?s’f@?g%gs B@étg{étbﬁ PRidehi GALERBd Mo .véﬂia{’félﬂéﬁ-dér&ingwtr?@menaf ter

variations 1n nsity o e nolten resin is mnimzed t he plasticizing
process as rgss ahdaghhahg veerdtiveaf sighalkanaatah citel GétebRdoedfRibnedn as
described in conjunction with Fig. 3 in the injecting process. In other
wor ds, t hedenpigcof moltsrresimde the ddntcasysiens t hee opgrationalsignaleke of t he
screw 20. As a matter of course, control of the servonotor 24, or control
of the tenpépaiRpEhBre 'ﬂ’ﬁénh%%qqlf@”byﬂ'g’?ﬁi%f)f WD'%WetS@a‘&fﬂ‘@ﬁdh? FSIRMd of
control of,

F o Ot ot W 1ERtaf 2P el B PhERl t Fe Bl or e 20, Lo 1
wei ght of ‘the ol gk afiaGloriensy & Bohllert DAMNETY dBRSRAS hk edgned. thus

realizing inproved quality of the i products with'no variation in
wei ght t heregif intBahereaingrokewsftite Ee@w. 6,Eveenciontteoidbhtigal vatiatshsipcor ding to
a second enbodi nent of the present invention will now be described. Fig. 6

i s a bl ock déinaily afthehowniter redie, woen cbhangssoeaurfedrinithg temeenaturg afiee
control i n% net hod accor di ng to the second enbodinent. In Fi % 6, G (S
repr esent s 18SIN4ARE @MU St Feshiom af e WBRO! BlieEing mALPHINe 8RNsEr esent s a

transfer f‘fﬂr?ét}oﬁﬂccaﬂ; é%f‘&u%f Bg%ﬁéngéﬁp ﬁ?ﬁ%ii aﬁ?@cﬁ@?{&ﬁ]%@e@dﬁbﬁé&r{%{‘é@tro‘w ch

is a transfer or converting va asuri peri od

into variations igidamp bt dedifobidBRINkRNWIETIW be GREcAiS3d FrBRT Rtdliisreht

transfer function for converting variations in driving torque of the screw
i nto vari atpoimsofiviewdernbhé griofary beusebt wariatieas n ddiedtytdfalad noblgr @sirs hows
that the feed forward control reduces variations in density of the nolten
resi n that dosisists ecrasigtiops i sizaradaresin material fvaristiomsissize pthe pellgderi od or

variations in the driving torque of the screw, The injection noldin
machi ne t h&royRd E”fﬁﬁﬂals-ng'f‘ﬁae g@&@i&’%‘ﬁ'ﬁ@(ﬂpﬁﬁﬁorﬁ' & ’H?%‘@dpf?%%ﬁa@t"étﬁ‘gotﬁgt he

structure i i el i t en _resi . r by the
Lt e oML A BEqRShe B b Bk LGRS T DGRBS SEP,
conj unct i onReMiphatlifes fol il zOHEXOZN BRATZ2 AtnkMeaitif B kirler DASIRWN iEg. 2.
follow ng algorithmcontrols the optinal
More specifically, the set values of temperature for the zones Z1 and Z2 of the
heating cylinder 21 are increased in the molding operation in which melting of a
resin takes longer time than usual due to the reasons such that the size of a
resin material is large, the molding cycle is short, or the measuring stroke is
large. The reason is that melting temperature of a resin is not affected largely

by a small change of the set values of temperature for the zones Z1 and Z2.

Changing the number of revolution of the screw or the backing pressure of the



tenperature of the heating cylinder 21 that has been described in
conjunction with Fig. 1. (1) As a first step, neasurenent is carried out
for the neasuring tinme period and the driving torque of the screw, in other
wor ds t he behavior of the driving torque of the injection se W?@Oél to
determne the level of the current tenperature of the heating cyllinder. The
measur enent of the behavi or neans 22 y 2003 io to neasure the neasuring
time period or the driving torque of the screw for every shot of the nol ded
product, and to neasure the pattern of variations thereof. The neasuring

ti me meanssérefemiagdeodoritenPldied a8 ahyalRihatileanbineidz boothiearitiddgamisicess,
and at the sane tine it is the tinme during which the screw 20 is rotated by
t he ser vonbe@mpdyed besilyeths/icoits sifinifihentieffect ng the teqopenadyrebsf resiasur ed by

detecting the driving current fed to the injection servonotor 11. a. As
regards the rreasﬁHM@AﬁYn@Fp'@'ﬁEéN,VEiNT'@%e where the measuring tine period

i ncreases as the,nunber of the Iqi? cycle increases, the current
temporature of 1 ABCHEINANA I8 ohiert 9 e BRseak VATERN BLOYSEP TR RISon ¢ he

th hand i i i.od : i h

condi t1an. PIYEIER s OEndTPEIL0A rolaFd BHH A AR fO RES I8 B holidof 02 P8P ed 10

be hi gh. bcoAgollifgandsiebtién Hdidihg hd ik itha®bah PEd S wiMatioRs GaGRighieste t he
driving torque reduces as the nunber of the nolding cycle increases, the

current tenpermaidedpiduttse heating cylinder is considered to be high, and
on the other hand, when the driving torque increases in the sanme condition,
the current tenpérggnpthespbiastohibgtiragenhinyerdion tostakilizg ther density ddheow. c.

L SR Bl PSSR oo G AR BB o
o, oL e Bl ML S g e e e o

screw deschichgfg aPMdy asthk anYdlnief tre dedrafégd as the amount of stroke of
the screw by the position detector (27, Fig. 1) for detecting the position

of the screw. ThiTheqetsettiimgemiehliod methdeJor cdrerblivey @n sjectidn maldiggi n t he
publication described above. (2) Then the tenperature of the heating

cyl i nder i gnaghing.ol Thaimathed aceprdieattaianfirchasped 96 the peseneinyegie@n t hm
descri bed above, 58 that variations ig densitey o[ the,rmlt%n r.esin, that
i's, variat CORPISRSVaE SEEPSOTMeATHIRE G LeRly of & molten resin in a heating

cylinder, controlling a stroke of an injection screw in an injection process by feed
forward control based on the measuring step, and controlling an operating
parameter of the injection molding machine based upon the measuring step.

The method according to a second aspect of the present invention
comprises the steps of measuring a density of moiten resin in a heating cylinder,
determining a state of a temperature of the heating cylinder based upon a
predetermined algorithm, and controlling a temperature of the heating cylinder
based upon the measuring step and the determined state of the temperature,
thereby minimizing variations in density of the molten resin.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory drawing illustrating one example of a motor-
driven injection molding machine;

Fig. 2 is an explanatory drawing illustrating a plurality of heaters to be

provided around a heated cylinder;



22 May 2003 m becones zero. As a matter of course, the tenperature contro
of the heating cylinder 21 is carried out by controlling energization of
the heaters 40 located in the zones Z1 and Z2 described in conjunction with
Figs. 1 and 2 by the tenperature controller 41 and the contr &g é§b3Fbr
exanpl e, under the condition that the tenperature of the heating cylinder
has been determ ned to be high, when vaziations in density of the nolten
resin is large, the heater tenperature Setting signal for respective
heaters 40 located in the zones Z1 and Z2 is fed fromthe controller 26 to
the tenperature ggninoklRéciddiagfarh @WBwirld'e cbavartioablid|Pintéial perisung
cylinder 21. The second controlling nmethod according to the second

enbodi nent fezainfoswanal ednird bestdesi gn of the feed forward control system

whi ch has been alleged to be difficult. According to the second enbodi nent,
consi dering the Fignpds athlpek @ipgrare shewintg mgld indemal peeashee frasliprward
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i njection gBh&HNSF tHBGHOIRE feSirARIPG €d, the present invention is also
applicable to a hydraulic injection nolding machine. In other words, in the

hydraul i ¢ i nj ect Fign ériplachlogk deghamef assontmy epdtemnaccprdindes adsécoed by
hydraulic pressure is used instead of the rotational notion - |inear notion
conver t i ngemisiimesihofiihetpresandénveintioal | screw and nut as in the injection
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the injection screg.feedback control system 60 is used for performing feedback of

variations in density of the molten resin measured by a measuring device for

measuring the density of the molten resin. The feedback control system 60 is

operated in the plasticizing process, and devised to eliminate the effects of

uncertainties, which are found in the conventional system, by minimizing

variations in density of the molten resin by the feedback control system 60

before beginning the injection process.

More specifically, in the feedback control system 60, any one of the

number of revolutions of the screw, the backing pressure of the screw, and the

heating cylinder temperature is controlled by the use of the value detected by

the measuring device for measuring the density of the molten resin to minimize

variations thereof. Referring now to the motor-driven injection molding

machine shown in Fig. 1, the controi of the number of revolutions of the screw



3. Asystemas recited in claiml, wherein said operating paraneter
conpri ses a backing pressure. 4. A systemas recited in claiml, wherein
sai d operating paraneter conprises a tenperature of the heating cylinder
5. A systemfor controlling an injection nolding nachine, sab%lﬁ%iﬁ@@%
conprising. a neasuring unit for measuring a density of nolten resrn in
heating cylinder; a determning unit for determning a state of a
tenperature of the heating cylinder bas&d upon a predeterm ned al gorithm
and a controlling unit for controlling a tenperature of the heating

cyl i nder bagefaypenealiZRASHEGUIRIESIHeYseombBrordal t aher@itidl 8nthet he state of
the tenperature, thereby mnim zing variations in density of the nolten

resin. 2 2uliber 20 08vdlGtidh ofAhsssteawm28nag bietredlized ) esntrdlingiherinjentisni d
determining unit is configured to neasure a nmeasuring tine period and a
behavi or ofseavaimoer Y. t dhggente! aiihe ipreperatwresytegvheating eying@n@d igi th t he
pr edet er m ned, al 85(’)” thm and wherein the determning unit determnes that a

current terPRZECRECHNAING HENSARISAN i nder is | ow when the measuring tine
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determ ni ng neans determnes that the current tenperature o e heating
cylinder i sndiby mwaehink e tils iewibtgiirhenttempfisds® chagieed hsthaalsewatlery eases

as the nunmber of nolding cycles increases, and determ nes that the current
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performed by pressing the screw. To put is briefly, as shown in Fig. 5, the

density of the molten resin is detected in such a manner that, upon completion

of measuring process, the checking mechanism 20-1 isolates the forward

section of the head portion of the screw 20 and the measuring portion in the

heating cylinder 21, then the injection servomotor 11 (See Fig. 1) applies a

constant force F to the screw 20 to move it forward, and the resultant amount of

the forward movement AS of the screw 20 is detected, and consequently the

density of the molten resin is detected based on the detected forward

movement AS of the screw 20. The amount of forward movement AS of the

screw 20 is detected by the position detector (27 in Fig. 1) for detecting the

position of the screw 20. The injection molding machine having such a

structure is disclosed, for example, in Japanese Unexamined Patent Publication

No. 11-34133.

In any cases, after variations in density of the molten resin is minimized

in the plasticizing process as described above, the feed forward control is

performed as described in conjunction with Fig. 3 in the injecting process. In

other words, the injection servomotor 11 controls the injection stroke of the

screw 20. As a matter of course, control of the servomotor 24, or control of the

temperature of the heating cylinder 21 may be employed instead of control of



8. A systemfar controlling an injection nolding nachine as recited in
claim5, further conprising: a plurality of heaters |ocated adjacent said
heati ng cylinder, and wherein said controller controls one heater of said
plurality of heaters, said one heater being disposed adjacenys

f eedi ng hopper on sald heating cylinder. 9. A systemas recite |n claim 8,
wherein said determ ning unit detern1ne§ an amount of forward novenent of
the injection screw, and wherein the dehsity of the nolten resin is

determ ned based upon the determ ned forward novenent. 10. A nethod for

control i ngqea.rmedmbﬂcggrm}newrdn ng machi ne, said nethod corrpri sing the steps
of : measuring a density of a nolten resin in a heating cylinder;

control ling a stAckerdirig Mthlerf]racetmbmdls‘tanE:Wherﬂeemfomqaecd:t:ommolpﬂyetmfsm by feed
forward control based on the neasuri dq step; and 22 May 2003 14
control | i nyhigh w@tmsng Wedghd e theg mod Q%@rquFb@tﬁ%ﬂ 'ﬁrﬁl%ﬂ’mg‘a’i&%ﬁﬁ@%ased

th t wh d
SFep of coRERENeRNy s BaATA TG BA AALY & thb et erodt fRa S ont r ol 1| ng
a number o ﬁEthSH H{wg@g Weré&e i njection screw. 12. A nethod as recited in
claim 10, WhAerern sard s ep of controlling an operating paranmeter conprises

a step of controHdaging fRetd F—'ﬁ@ B! £e8Hr6llind FrethodBESODiIRPtor £66¢&HH I n claim
10, wherein said step 0f controlling an operating paramneter conprises a
step of coetmmdimegt af thempesearitineribntwik nbeebe dgsaibbednddiig. 6 is a block
diagram showing the control system for implementing the controlling method
according to the second embodiment. In Fig. 6, Gc (S) represents a transfer
function in the controller, and Gp (S) represents a transfer function of the
process. G2p (S) represents a disturbance, which is a transfer function for
converting variations in measuring time period into variations in density of the
molten resin. G3P (S) represents a transfer function for converting variations
in driving torque of the screw into variations in density of the molten resin. The
block diagram shows that the feed forward control reduces variations in density
of the molten resin that is effected by disturbance, that is, by measuring time
period or variations in the driving torque of the screw.

The injection molding machine that is shown in the second embodiment
is also predicted on the structure in which the density of the molien resin may
be measured by the measuring device for the density of the molten resin as
described in conjunction with the first embodiment.

In this control system, the following algorithm controls the optimal
temperature of the heating cylinder 21 that has been described in conjunction
with Fig. 1.

(1) As a first step, measurement is carried out for the measuring time
period and the driving torque of the screw, in other words the behavior of the
driving torque of the injection servomotor 11 to determine the leve! of the current

temperature of the heating cylinder. The measurement of the behavior means



14. A nethod of controlling an injection nolding nmachi ne, said nethod
conprising the steps of: neasuring a density of nolten resin in a heating
cylinder; determning a state of a tenperature of the heating cylinder
based upon a predeterm ned al gorithm and controlling a tenpgsffdyzey the
heati ng cylinder based upon the measuring step and the determ ned state of
the tenperature, thereby mnim zing varjations in density of the nolten
resin. 15. A nethod as recited in claiml4, wherein said determning step
conprises neasuring a nmeasuring tine period and a behavior of a driving
torque of wmeasans iheMmeas@ng imageabdandiee drivingttbeyuersfdes etreva ést
algorithm wherein the determning step determ nes that a current

t enper at ur everfy shod o metdesyprioddel; and td oveasen thenpattarasivangtionsre peri od

i ncreases as a numnber of molding cycles increases, and that the tenperature
i s hi gh whEiereak nsmeapying Be eeana perrd K5 8e)l9 a3 Pkinber of nml di ng
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as the nunber ng cycles
torque may be measured by detecting the driving current fed to the injection

servomotor 11.

a. As regards the measuring time period, in case where the measuring
time period increases as the number of the molding cycle increases, the current
temperature of the heating cylinder is considered to be low, and on the other
hand, when the measuring time period becomes shorter in the same condition,
the current temperature of the heating cylinder is considered to be high.

b. As regards the driving torque of the screw, in case where the driving
torque reduces as the number of the molding cycle increases, the current
temperature of the heating cylinder is considered to be high, and on the other
hand, when the driving torque increases in the same condition, the current
temperature of the heating cylinder is considered to be low.

c. Variations in density of the molten resin are recognized by variations
in a value of minimum cushion. Variations in the value of the minimum cushion
are obtained by the equation (position of the screw before injection - position of
the minimum cushion = the amount of forward movement of the screw
described above). This value is detected as the amount of stroke of the screw
by the position detector (27, Fig. 1) for detecting the position of the screw. This
detecting method is described more specificaily in the publication described
above.

(2) Then the temperature of the heating cylinder is controlled within a
certain range based on the algorithm described above, so that variations in

density of the molten resin, that is, variations in value of minimum cushion



22 May 2003 15 increases, and determ nes that the current tenperature of
the heating cylinder is |ow when the driving torque of the injection screw
i ncreases as the nunber of nolding cycles increases. 17. A nmethod as
recited in claim14, wherein said step of controlling a tenpgsfidy oy the
heating cylinder conprises controlling a first heater of a plurality of
heaters, said first heater being dispo qq adj acent a resin feeding hopper
on the heating cylinder. 18. A method as recited in claim 17, wherein the
determ ning step determ nes an anount of forward novenent of the injection

screw, andbetemesretdie Aeashateraff cobsenthd Rmpaature icdnttel ertAkme@tingsed upon
the determ ned forward novement.
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can simplify the design of the feed forward control system, which has been
alleged to be difficult.
According to the second embodiment, considering the temperature of
the heating cylinder as the amount of operation, the density of the molten resin
can be stabilized, thereby presenting the controlling method wherein variations
in weight of the molded products may be minimized.
In the first and second embodiments, description has been made based
on the premise that the motor-driven injection molding machine is applied, the
present invention is also applicable to a hydraulic injection molding machine.
In other words, in the hydraulic injection molding machine, an injection cylinder
driven by hydraulic pressure is used instead of the rotational motion - linear
motion converting mechanism by the use of ball screw and nut as in the
injection apparatus shown in Fig. 1. The injection stroke is controlled by

controlling hydraulic pressure applied on the injection cylinder.



10nB)  10%m& ()-!x 10%& ()- 10%m& ()-!LM 109& ()-m ! xLM 10%m& ()-m }"<PE: !
1094 (& ()- 109& ()-!'Y9 10% (& ()-'iY9 10%& ()-s10%& ()-#YT10%& ()-_=!!1]|&
10988& ()-M n& 109%&' ()-Ms10%&' ()-#f10%& ()- 10 10 10" 109%& ()-.[ \ 1 ~j |
rS4s109& ()-#f 10%& ()- 10 10 10! F! 109%& ()-)!F110% & ()-)F' 189&idy)20d3
L##S% (} [ <14 10% ! 10%& ()-'!d! 109&' ()-!10%kR& ()-'Ly 10%&' ()-! Ly 10%& ()-Ly
109 ()-((((())*jHA 10! "9 10%&' ()-! 9! M@K ()-9! 10%&R' ()-s10%& ()-#S10%&' () -
10 10*++g--/>/z[ 9H4

10! nS) 1 10% . & ()-S) ! 109%&' ()-![!10988& ()-!10%& ()-!s9! 109%& ()-!]| 9! 10%&' ()->
/ /1 0000" O#00r S1! nl 9! 10%&' ()-s109%& ()-#l gl0%&' ()- 10 10

oo ()- 1 HOW S HER IS 1o ()1 1101 100 () -1 x| 81 10%& () - 455w7x Ty 72777
~ @ dt 10%& () - #.Slﬂ‘ym'telﬁm-férlébntrolling. an iﬁjection mold.ing m.achine, said system
comprising:

a measuring unit for measuring a density of molten resin in a heating
cylinder,;

a controller for controlling operation of the injection molding machine,
said controller comprising a feed forward control unit for controlling a stroke of
an injection screw in an injection process based upon an output of the
measuring unit, said feed forward control unit comprising a feedback control
system for controlling an operating parameter of the injection molding machine
based upon an output of the measuring unit in a plastisizing process, thereby
minimizing variations in density of the molten resin.

2. A system as recited in claim 1, wherein said operating parameter
comprises a number of revolutions of the injection screw.

3. A system as recited in claim 1, wherein said operating parameter
comprises a backing pressure.

4. A system as recited in claim 1, wherein said operating parameter
comprises a temperature of the heating cylinder.

5. A system for controlling an injection molding machine, said system
comprising:

a measuring unit for measuring a density of molten resin in a heating
cylinder;

a determining unit for determining a state of a temperature of the
heating cylinder based upon a predetermined algorithm; and

a controlling unit for controlling a temperature of the heating cylinder

based upon a measured density of the molten resin and the state of the

temperature, thereby minimizing variations in density of the molten resin.
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torque of an injection screw in accordance with the predetermined algorithm,

and wherein the determining unit determines that a current temperature of the

heating cylinder is low when the measuring time period increases as a number

of molding cycles increases, and that the temperature is high when the

measuring time period decreases as the number of molding cycles increases.

7. A system as recited in claim 6, wherein the determining means
determines that the current temperature of the heating cylinder is high when the
driving torque of the injection screw decreases as the number of molding cycles
increases, and determines that the current temperature of the heating cylinder
is low when the driving torque of the injection screw increases as the number of
molding cycles increases.

8. A system for controlling an injection molding machine as recited in
claim 5, further comprising:

a plurality of heaters located adjacent said heating cylinder, and
wherein said controller controls one heater of said plurality of heaters, said one
heater being disposed adjacent a resin feeding hopper on said heating cylinder.

9. A system as recited in claim 8, wherein said determining unit
determines an amount of forward movement of the injection screw, and wherein
the density of the molten resin is determined based upon the determined
forward movement.

10. A method for controlling an injection molding machine, said
method comprising the steps of:

measuring a density of a molten resin in a heating cylinder;

controlling a stroke of an injection screw in an injection process by feed

forward control based on the measuring step; and
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based upon the measuring step.

11. A method as claimed in claim 10, wherein said step of controlling
an operating parameter comprises a step of controlling a number of revolutions
of the injection screw.

12. A method as recited in claim 10, wherein said step of controlling
an operating parameter comprises a step of controlling a backing pressure.

13. A method as recited in claim 10, wherein said step of controlling
an operating parameter comprises a step of controlling a temperature of the
heating cylinder.

14, A method of controlling an injection molding machine, said method
comprising the steps of:

measuring a density of molten resin in a heating cylinder,;

determining a state of a temperature of the heating cylinder based upon
a predetermined algorithm; and

controlling a temperature of the heating cylinder based upon the
measuring step and the determined state of the temperature, thereby
minimizing variations in density of the molten resin.

15. A method as recited in claim 14, wherein said determining step
comprises measuring a measuring time period and a behavior of a driving
torque of an injection screw in accordance with the predetermined algorithm,

wherein the determining step determines that a current temperature of
the heating cylinder is low when the measuring time period increases as a
number of molding cycles increases, and that the temperature is high when the
measuring time period decreases as the number of molding cycles increases.

16. A method as recited in claim 15, wherein said determining step
determines that the current temperature of the heating cylinder is high when the

driving torque of the injection screw decreases as the number of molding cycles
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hopper on the heating cylinder.

18. A method as recited in claim 17, wherein the determining step
determines an amount of forward movement of the injection screw, and wherein
the density of the molten resin is determined based upon the determined

forward movement.



