— STe3e] V] S\ " ~| 60T8=22 May 2003 *@00~2* *166166* | NJECTI ON MOLDI NG MACHI NE
" AND METHOD FOR CONTROLLI NG SCREW PCSI TI ON I N THE SAME BACKGROUND OF THE
| NVENTION 1. Field of tw ventl on [0001 ] The present invention relates
I'n

to a method for c he screw in an injectizqay2068s in
an injection nol W in parti m@um’mﬂ i njection nolding
machi ne in which g_-,lae@peed i njection eed depressuri zation
met hod i s adopted to performthe entire |nf'éﬁ¢Q61 ng process by controlling
the speed of the screw, and relates to a nethod for controlling the
position of the screw in the injection nolding machine. 2. Description of

the Related Art [0002] Jggﬂbr@“?gﬂlfh@l ,ﬂgtr,_ﬂméﬂrm\ﬁlj ME B ne is

frequently used as an inj Ion nmachi ne,” instead of "a hydraulic

i nj ection nol di ng rrapenﬁcorwh@rmﬂe/sbwm BOBITIMN MITHE GANEN | nj ecti on
mol di ng machi ne have becone conti nuously nore sophisticate

specifically, high speed, high accuracy hi gh output power (torque), power
savings, and the |ike have been enhanced. However, an increase in
performance of the notor as a single unit does not have a direct bearing on
an increase in performance of the entire notor-driven injection nolding
machi ne. [0003] GBACKGEBOUND OFeTHE INVENTION not or-driven injection
nol di ng machi ne) a feed back systemis constructed having an order of

el ements based on 1t Helelcet thetInvestiamse. | n ot her words, the feed back
systemis constructed in order of current (tor ng, speed) position, and
pressure, af0@0twnThe regentiinveaticiurelatasttos @\egr fqrmntreﬂqmgdhe\s@th ectors
for neasuring the current, the 1 22 May 2003 speed, the pagsition, and the
pressure ar 9°§6@Geﬂtqrh'ﬂl%Ft'ﬂScPrﬁﬁeis han mrectrqmm@i)dmam@cmr@%ap@dtlw lamto
target signal ereq&gcontroh i s, eff e ted pased an. the co

results. [Oé‘ﬁdﬁlelspggsﬂ NgmMaec @ea'lnl\ﬂ'}h'ﬁ &Nigh-speed ipiectign &n éﬁpﬁﬁdt he
e’ nt o a” HEPEFRtPn RARBAGF ?ﬁab{ﬁeqoﬁé?eé‘f&he@#@éﬁ&?@'ﬁ@'Ptﬁffge#?%/' "t

cont ol 1 QLABIAG 12 ya8glding SR ek RARBS To LnURRIY 1oL BB Byl s oo

range of a no use I'njection pressure S|gn

exceeds a sBhsHioRSIHE: g?éwwﬂw.rrébtﬁn%o%mq MaghRitenomenon i s cal | ed an

over shoot . er wor st nce akes a Tong response tine to recogni ze

the overshoot of thepbs§t@stidrost tAeeR&idfedl Awhen the high-speed range of the
notor is used, the overshoot shown by a diagonally shaded area in Fig. 2 is

generat ed dwomza t PemstarvdrivespinfsttionAnolding mgichinedis frlqledtipiused|as drecones
over packed and the amount of resin is significantly |arger than a standard

val ue. Thi sinjegtioreambldiogdaashjeepinstdad ofa aydrallid injecti@bmoltisgenachine when
the injection pressure is used as the control information, the high-speed
range of th&Mervdevelapsd f%@tr\?sfﬁgtmﬂﬂv@nriﬁﬁ%oﬂ Wé@'d@QHﬂQﬁh'ﬁethﬁMe b@rﬁ?@ée of

| ecti on aRANHRGRUS, ERRTecRAustcarocaMash sBerTIPaR. midh noedtbide pRBiacy
s O0et e o o i Blftn it oRbiSY, dowet SAORRE and i H68 M9 el Hrirgiess ' ©

conpl etion @foyd\fer Qh%rbasemraéﬁ§ﬁnahébbht fiBtdiofb o LRI BAK BoBs ek o

will be sol ve(ﬁusr hg the speed ormati on avr ng a s er response. Four

setting itemavey drre@t béurﬁrgt bR ANAAEERSE ih PeHBImanse bﬂﬂweaémrré%néfbrldh%n and
will be described with reference to Figs. 3 and 4: (0007J 1. Advanced

posi tion of injeetise meoldimgtraachine. i nj ection is started This is set to A mm
(0008J 2. Advancing speed of the screw. This is set to B mmi sec.
[0003] Generally, in the motor of the motor-driven injection molding machine,
a feed back system is constructed having an order of elements based on the
fastest response. In other words, the feed back system is constructed in order
of current (torque), speed, position, and pressure, as shown in Fig. 1.

Measurement signals from respective detectors for measuring the current, the



2 22 May 2003 [0009] 3. Retreated position of the screw after the screw
 isnmoved forward. This is set to C nm (0010] 4. Retreating speed of the
screw. This is set to D misec. [0011 ] The pressure characteristic is
controlled by the foregoing four settings. [0012] However, whewayRe03crew
is noved at a high speed, it becones difficult to assure accuracy of the
st opped positions, i.e., positions A and C. SUMVARY OF THE | NVENTI ON (0013]
Accordingly, it is an object of the present invention to provide a nethod
for controbpeed, thegositionyapdthe ippessuye ane sbqidrttisg ded dapk ahdsreew posi tion
control in high-speed injection and hi gh-speed depressurization, which is
proposed i individealiyt corapared witly targptsignalsd thergby canioltis effegteddbasechon or f or
nol di ng) can be inproved. [0014] It is another object of the present

i nvention the pRBPRHEORFESUISect i on nol di ng machi ne which is suitable to
performt hf aqliﬁve- menti oned nmethod for controlling the screw position.
[0015] ThelQAQ4)enPressiies s generaliyuged assonyp! wisrmation;indhe Hiedi%ew posi ti on

L o : gi : whi  ah- dini ) q
i g speed PURSHRS LI DaRaT AL firoaropap e Bl BTEED redin s ced B s on

process by GLEURRFRGGIRIES! HOWaRR! hifls dAA310h-A360EORRG ihibrARBRPeCt Of
the present T nvention, the Screwis m)veg orvvarg to a prede ermned first

position f hamn@ﬁhbrm&ﬁéémsgaﬁéé SRR, Whien é’ﬁ@'ﬁ-é;ﬂfﬁfd‘ﬂaﬂget&% tiotcitis

position, the screw is noved backward to a prédeterm ned second position.

The speeds usédf actual peastaihjdmiokvpredsure\sigrificartly dxXtecds aesetpresaipsf asl | ed in
accordance with a screw position/screw speed characteristic pattern which

i s measur eshowndd\Fgc2 dhis pirerncménondisréalied anr aversiheote dn athemwards,
(2~K~S)~~2 where V is screw speed) K is screw acceleration, and S is screw
posi tion. 8incedbtakes 2omg reeparrse imedodeeegnize theeoyersbeot ofithedmecton a

not or-driven injection nolding machine is provided, in which the high-speed

i nj ection @ﬁ@swrgh\ggge&e 6!&5}‘83%%9 Taﬂﬂe: Qfﬁhﬁélg%ﬂisgéﬁedpg?q evwasthE $lOWR! i r e
| ) ccti on ReIARGORALR Shated A 6025, 2ts bendtelbl Gve o e MRy TeroRs o

%2? e dgﬁﬁ"*ﬁ?ﬁéﬁﬁ?@fiﬂﬁ'ﬁgé iy P%ﬁ?f%é"%&é’%%%@éﬁ# i
et ooted by HEA aldE? 160 EMIOd Yol IS (AP SRR P 0. The

control | er mewaemdide screw froman injection start position to a
predeterm ned first position, and when the screw reaches the first

posi tion, tj0e0spniliherdfere, wiversthehiajettion\préssikads dsedas time edetrelr mi ned second
position. The speeds of the forward and backward novenent of the screw are
cont r ol | ed informabiondihecdighispeed rangeef fhesmotavanoobbe sisedd Thimeansr i sti c
pattern which is measured i n advance and which is derived fromthe equation

V = (2~K~S)thaba Righ autput sange elihggaelgr alsq eanstot bg Usedel eration) and S is
screw posi o8B B Hhe Gtherhand 2 high- Sped njection and high-speed
depressurization controlling method using a high-speed and high-output motor
is proposed. The depressurization control is set to control movement of the
screw in a backward direction before completion of the injecting process. In this
method, the above problems will be solved using the speed information having
a faster response. Four setting items for the injecting process in this method
are as follows, and will be described with reference to Figs. 3 and 4.
[0007] 1. Advanced position of the screw after the injection is started. This is
set to A mm.

[0008] 2. Advancing speed of the screw. This is set to B mm/sec.



[0018] Fig. 1 is a schematic diagram showi ng a typical control systemof a
nmotor in a conventional notor-driven injection nolding machine; [0019] Fig.
2 is a graph showing a tine/injection-pressure characteristic for
expl ai ning an overshoot in a conventional injecting process22M&22003i g. 3
is an explanatory view of a conventional high-speed injection and

hi gh- speed depressurization nethod; [0021 ] Fig. 4 is a graph showi ng a
setting exanple of the speed of a screwin Fig. 3; [0022] Fig. 5is a view
showi ng a (008t uB.c Retreatedpositidn iof the screacaftarthesceiw s moobd ferverdor di ng
to the present invention, focusing on an injection unit; 4 22 May 2003

[ 0023] FlgTh5lB§e§KngpﬁlshOMAng a position/ speed characteristic of a screw
to explain_the pr|n0|ple of the present invention; [0024] Fig. 7 is a graph

showi ng a A of ﬁ%a&'ﬁﬁr%’éﬁgrqfé'ﬂﬁ’ screw. ¢ Hais dg petiod? mmisec ne of
hi gh- d th t t h
chow ng o T CHAE peksLgn shaGbemationt contralis be iz foseading Teurrastidos”

O 0. el B B A BBk BB, 0, °
control of dﬁ‘né lf@:ﬁéﬁﬁrg aE%%?foftu‘?é sf@g%ﬁ Sdno%ﬂuo%e?é UPSSI}IBHQ AEamy gSent

i nvention; I'n ect|on pressure
characterlstlc to explaln that a short shot and an overpack can be avoi ded
in the present invention. DESCRI PTI ON OF THE PREFERRED EMBODL MENTS [ 0028]

Referring to Fi gSUMMARYIGF THE INVENT)@GNti on nol di ng machine w il be
descri bed focusing on an injection unit. The notor-driven injection nolding
machi ne ha§o@18]i nAecoidinglyrit is,anwbbjebt ofthdpresentliyventioarto grovide a metlradh an
injection unit, rotation of the servonptor is converted into |linear notion
by a ball wrwtmﬂmgathﬁﬁqewms@@n b whigh tﬁesaﬁCEWQVcﬁf\ﬁ&f@let@&bkward
servonot or i.s, transmtted

00291 | F t t t f ti
Lo o bal I coPisalinio Shaeainoruch pRaighSaees Hemiassuration. YHIENS | o moved

14 10 movalr ey qraéf{ ol e o entdd 2 rigrBLRY nge BF R MBI e”

figure) fi (not shown). Forward and backward novenent of
t he pressuﬁagﬁ{g’%a@ ?%%mtted to a screw 20 via a bearing 17, a | oad

cel I 18, a?do ' W|§%hb€rﬂer~°db?ééto¥%e Ef&e?\?frﬁ/\é’nﬁé’n t&pﬁﬂvﬁ@ﬁﬁ%é&l@hrheat' ng

cylinder 21 such that rotary and axi a vement can be achi eved
heati ng cylmoiditrg @achimel whieh isisbitalyleto pariban the abbweg-neeritionied rhethddesi ti on

corresponding to the rear 5
controlling the screw position.
[0015] The present invention is a method for controlling the screw position in
an injection molding machine to which a high-speed injection and high-speed
depressurization method for performing the entire injection process by screw-
speed control is applied.
[0016] According to an aspect of the present invention, the screw is moved
forward to a predetermined first position from an injection start position. When
reaching the first position, the screw is moved backward to a predetermined
second position. The speeds of forward and backward movement of the screw
are controlled in accordance with a screw-position/screw-speed characteristic
pattern which is measured in advance and which is derived from the equation V

= (2-K-S)"2 where V is screw speed, K is screw acceleration, and S is screw

position.



22 May 2003 portion of the screw 20. Rotary notion of a servonotor 24 for
‘ rotating the screw 20 is transmtted to the injection shaft 19 via a
connecting menber 23 which nay be a belt, pulleys, etc. In other words, the
servonotor 24 rotates the injection shaft 19 which in turn ratghesobe
screw 20. [0030] In a nmeasuring process) the screw 20 rotates and noves
backward in the heating cylinder 21. As a result) a nolten resin is stored
in front of the screw 20, that is, at a nozzle 21-1 side in the heating
cylinder Z0017he Acuoradiagdo vy prasent ifvention s& ieotoR8rivén infetstive mMpldm@ssur e
due to a gradual increase in the anount of nolten resin stored in Tront of
t he screw rpachip@ds provided an whick the highespeed injectign @mnddegls-spebd f or war d
movenment of the screw 20 in the heating cylinder 21 is caused by a driving
force frorgepressujzasiononetwdferpederming the entieg injeationdIroeess by sareyv-or ed i n
front of the screw 2Q is forced into and is pressurized in a netal nold. In
thi s case,SReRd ¢MEQ I$ adaptedy the meotersdiven injectindIP@AINGIBARNING measur ed by

fthe Ioaq _ceII 1§ as an inheocrii on g.rnestﬁur%. T?e ne&s%ﬁ%&kgae%ti on iBressure
[I'?\eagﬂa!sfslj%%nB? €5 PSREVUB ?ﬁ)‘lnp'i Sr ?? Eiate qrgva,rt 8 tSf PGP %’I:lt 221;
novenment o‘?ateﬁe&tsfgrr égve%‘ﬁg %%8%'%'8%&% gﬁé%ﬁgé&%ﬁ Z%P{OS&#?‘?’ ﬁgmgosi tion

detect or 2 ﬁg)é i b Aid ik 8 and is fed
into the c%‘r?ﬁ%o erft@%ﬁs?%%rg%%éeékﬂg?ﬁ@%%&gﬁ%SE:{%\‘&G(t:) rrent (torque)
instructi Oﬂiﬁéﬁém%ﬁingﬁhé%&Wéb@'ﬂoh@e‘té&ed OYRRE PosRiodetestoLandny based on
val ues preset by a display/setting unit 33"via a man-nmachine controller 34.
The cur r entalcokatingthe sorevabpesd.alhefoedtroleremdves the?Scrandremain infection The
drive 29 controls a current for driving the servonotor 11 to control an
out put t or glaet pIsitidretaa predetesmined. firstrositiony @ngovbemtheoserew reacheathé or
driving the servonotor 24 to control the nunber of revolutions of the

ser vonot or firsh positiens te epmitalier movgsdhe isereve basiuarsk topiedeteringdcoder s 31
and 32, respectjvely, tq neasure e punber of .revoluiions. The nunber of
ovol ut i ongogutcbbsation, Trehasds st M Biwara8s batkvathmiyemebtet e s Ly
2003 contr 6 r1i : I, etected by

t he encodegéﬂfg‘;flée %'Jggjltég lhea[%ébﬁ]&aﬁectesﬂtem% gy—%é;ﬁlg}é&lgﬁ\élggﬁggof the screw

20. 100331 chiaRtdnsHe detteih WhictPis! MeBdureltn Bolvafied uRd Wnieh'’ dgeRMoR"

controlling the screw position according t e present invention wll be
descri bed. tf(@@éﬂdatidrf‘v%(?[(%)f’zmréﬁ RJcPEVR BpBed R MY sérely aERReDatibRe
accel eration, and the position of the screw can be expressed by the

fol | ow ng andd isoscreWpaositiorKk~S where V is screw speed (mMmisec), Kis

accel eration (mmsec2), and S is screw position (m). [0035] A

screw position/speed characteristic found by the above equation is shown in
Fig. 6. In the above g‘ﬁuation and it is shown that in order to stop

Fig. 6
the screw at a pS&RIEFJAESGRIRTI@N @hgﬂﬁ: WiNESed to nove at a position
S1, th d t be V1 | : t h wrds, .t d
ol ative  AOUHA <Elend Bestheinatk dadHEn shouta S oI PLRLEem & | n i g.
6 A di ' . : . d iniection,
s oo B RSB Bh R ARE ot AER mAdHEl=RRRED T ot on, 2
net ance, A0V FRo; 2R e g ine b St eREh ot 8
t he responsxpkieing drrtverehosdih d sonveintiofalEinjeetind prddess: speed novenent of
the screw, and the stop position of the screw exceeds the target.

Ther ef ore, [0020] r FigrEiscen éxplengtory viewofaa eanvértioaat highsspeed injectiend i s
forcedly set to zero is set at a position E slightly before a stop target
posi ti on Aandhhighsspeedadeprassyrization methedence to Fig. 8, an area where the
speed commuand is caused to be set to zero is set at a position F slightly
before a st[@@28hr §iég. Hissa granh ghowing a setting example of the speed of a screw in

Fig. 3;
[0022] Fig. 5 is a view showing a structure of a motor-driven injection molding

machine according to the present invention, focusing on an injection unit;



[ 0037] Subsequently) an enbodi ment of the nethod for controlling the

' screwposition according to the present invention will be described with
regard to the case in which it is applied to the notor-driven injection
mol di ng machine 7 22 May 2003 described in Fig. 5. In thigxchggaobbe
controller 26 determnes the position of the screw 20 by the sighal from
the position detector anplifier 28 and differentiates it to determ ne the
speed of the screw 20. [0038] In this enbodi ment, a screw position/speed
char act er i [0023] p&fige6 s atgrapie showingod pbsitibn/speed charastéristic sfhwetrewtdi 9. 7
and a screw position/speed characteristic pattern at the tine of high-speed
depr essur i explairthelinciple oFthe p@esantinvaptiomeasur ed i n advance. These
nmeasured patterns_are expressed by the equation V = (2~K~S)~~2 and are
stored in [0924}erfoigy7 isagraph shewinga pesition/time charastgristinef Humserew at
operation of the ntroller, 26 will be described hereinbel ow [0040] Wen
the inj ect&?ﬁ"ﬂ?@ggﬁg"?ee Hyecdipn 'Pﬁgegé?ﬁ-ﬁquné'oﬂbved forward from an

i me, tno [7RE] o 1dr 838, dideh Aol A pOgsnRnedo 3P efansinl bR ety 1" °
Gor i it at cat 1RcRe SF biPhodelf dbbrRa Bzl pRE et e O 110 or s

t he screw tBat oty : t rd i S
controls tﬁgebz?gr eﬁaégégg.éﬁﬁﬁ§Pﬁer %Q?h)sé? gﬁe g(ﬁrttg?o Iéedrh%gaGCtggﬁi)éairaés t he
screw speedxgialrttheaddrirdof hitisedirids falHoshednjeption bressure imthe pretentence
speed which corresponds to the detected screw position in the

posi ti on/ sireedtiohpardt eri stic pattern at the time of high-speed injection,
and controls the injection servonotor 11 so that the cal cul ated screw speed
does not el@QRA] t hig. 1Ofieaegraph shewing adime/injestion preeswercharagieristicifes t he
position E show in Fig. 7, the process shifts to .the, hjgh-speed

depressuri ,@m@'rbﬂ@é@sﬂﬁ.%m@ %’Wegri‘ pverpacy caphe %W@?&Fﬂg\%@'@gf?’@berses t he
pol arity of \%ﬁ speed command to the injection servonotor 11, and noves the
screw 20 bYMERPH to the position C at a speed of D nmsec. At this tine,
the controller 26 recogni zes the boundary of the position/speed
characteristic pattern at the tinme of high-speed depressurization, which

delimtates the gjﬁgg@?:w%%@gﬂ%gﬁﬁmﬁggf@b(ﬁgmmgri er, nonitors

the 8 22 May 2 e speed does not exceed the barrier,
and thus cqod28) sHerripgte i .FE?,@moWrWVéﬂﬂ{e%ﬁbﬁ%@@in@&ﬁﬁbﬁﬁetvm beosi t1on
F shown in Fig. 8 by the backward novenent, the controller 26 commands the
screw 20 t destrbed fescusingeenlan, injelctiors anigwThe rebtopsiraentihjectiors maldingC t hus
conpleting the injecting process. Subsequently, a dwelling process is

per f or med. Maehing hag amisjasyanamit, whidh isdrivenitya peeesiater. clorsuchlan onl y one
set value of, the Br,essure shoul d be used.in order to control .the injection

pressure. IIRjeghom HaY rotatianpithe; seryeraotar ihcanvarted infe Breasmatien Ry ghalbeed

T 0L by o S50 0 SR S
o= onom Igkedy T RS, 0 B8 B st B P BB, Lol
[0043] Furtiigy SBeq: 1 2SATIRWS ih.‘PixEd%nﬁﬁgs?ﬁfﬁ%ﬁ%ﬁ%ﬂ??ﬁ?ﬁ&fécﬁ%ﬁa%ﬁ 4 a

successful l'y overcone an area in whi ort s

burr (over parkbackwarden\eraaatish bntheltsalltdorewi 12, ETHeé pressuasplate 1har acteri stic
can be designed nore flexibly. [0044] Al so, accurate and stable position
control canmmbeabletaleng founguide bgrsal Handiié (oniytwepare shawreinsthedigupe)si t i on
control, and the penetration of the barrier by the screw due to the

hi gh- speed fixgdoratbasedraioe, (nabshawn). tfarward and hackwarkmevemait &fithe 0045]

As descri bed above, according to the present inventiogn, the accuracy of the
scr ew posi tPTEESHEHRIAER 14 s raasitipe torasargne20 Miae Praingidd: Alepd cplbid,

Gepr et =88 A 5T AR 8., SRS A b el P

such that rotary and axial movement can be achieved. The heating cylinder 21

includes a hopper 22 for feeding a resin to a position corresponding to the rear



9 22 May 2003 CLAIMS 1. A nmethod for controlling the screwposition of a
screw (20) in an injection nolding machine in which a high-speed injection
and hi gh-speed depressurization nethod is adopted to performthe entire

i njecting process by controlling speed of the screw (20), tpe yA(10):}
conprising the steps of, noving the screw (20) forward to a predeterm ned
first position (A) froman injection start position, and when the screw
(20) reaches the predetermined first position (A), noving the screw (20)

backwar d t porioprafdhe ecrawed. Rstandmpeish of arseridrott @asfoP rétagngBrid186relr t her
conprises the step of: controlling the speeds of forward and Dackward

novenent o020 isitransmitted Xheiinjesticoshaitdo wia altoansctimywiersthér 28 vgrew speed
characteristic pattern, which is measured in advance and which is derived
fromthe ed\@thea belt-pubeys;sja~n ather words, she sepwnqiord4 rétates ter ew
acceleration, and S.is screw position. 2. A nethod for controlling the

scr ew posi ftIoAhATUT fWwhich @l tarmrotatestbescrew @0t her conpri ses the steps

of : setti nm(ﬁpeed command to zero at a first selected position (E) before
t he predet edNfq MEasyHRgPrecessajhesereweq rotatesiand moyes backward fh- speed

S o' M ARSI ATCAE ok RNt M AT MR LT
commend ! os8ehin i A AP SELSHIROR A M PlobS! TR RgeL o m e

screw (20) rﬂcﬁ/eﬁ%fﬂ%f@ﬁé%ﬁv@'m%‘)@é@?ﬁ By BrsLIFdue Y& BIdtAdfIAIAtE8e in

predeterm ned second position (C A nmethod for controlling the

screw- posi trieamauapofimattehdesinaitored in'iept ef the éwewnect i on ol di ng machi ne
is a nmotor-driven injection nolding machine, and 10 22 May 2003 wherein

t he not or - 0034dn Imare rjectingandifiling peadesse theolopwakEmosement ofititeoscredl ) to
nove the screw (20) forward and backward. 4. A nethod for controlling the
scr ew posi 20dn the beating gylinsdes |21 imcaysemh by & driving foree dionathes imiedtignect i on
mol di ng mggli'vrc')?ngtgg W ,e éo an?r;ei ?neoﬁten resin stored in front of the screw 20 is forced

into and is pressurized in a metal mold. In this case, the force required for

pressing the molten resin is measured by the load cell 18 as an injection

pressure. The measured injection pressure is amplified by a load cell amplifier

25 and is fed into a controller 26. The pressure plate 14 has a position detector

27 to measure the amount of movement of the screw 20. The measuring signal

outputted from the position detector 27 is amplified by a position detector

amplifier 28 and is fed into the controller 26.

[0032] The controller 26 outputs current (torque) instruction values

corresponding to the respective processes and based on values preset by a

display/setting unit 33 via a man-machine controller 34. The current instruction

values are fed to a drive 29 and a drive 30. The drive 29 controls a current for

driving the servomotor 11 to control an output torque of the servomotor 11. The

drive 30 controls a current for driving the servomotor 24 to control the number of

revolutions of the servomotor 24. The servomotor 11 and the servomotor 24

include encoders 31 and 32, respectively, to measure the number of revolutions.

The number of revolutions detected by the encoders 31 and 32 are fed to the



position detecting neans (27) for detecting the position of the screw (20),
“ and control neans (26) for controlling the speeds of the forward and
backward novenment of the screw (20), by differentiating the screw position
detected by the position detecting neans (27) and by cal cul Qtzimgygbg;gspeed
of the screw (20) . 5. A nethod for controlling the screw position
according to claim4, wherein the control neans (26) includes a nenory
(26-1 ), and wherein the screw position/screw speed characteristic pattern

whi ch i s roontrolled26n Iaghastivutar theshomber ofrevbRitisRE@eyedtds by the ehcoder

I nj ection nol ding machine in which high-speed injection and hi gh-speed
depr essur i 32is usediicedataopinedtheaumbédrafrevolatioms of the sgrewt20ag process by
controlli ngpt he I'?‘é)eed of a_screw (20), the injection nolding machi ne being

a not or - drP088] i Ajefetringntoroiggi G do Bathe principia of the methed for contrading the (11 )
(57) For " RArBBAGIANACORING B NG PSR YEvaRNoD ) BeARSCHBREr o roans (26)
Sor ew ( 20,1003 1P GeRFRheTs atbbsb ARo5e 10e soacd dPeacE g ensber  on
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when this concept is applied to high-speed injection, a result shown in Fig. 7 is

obtained, and when applied to the high-speed depressurization, a result shown

in Fig. 8 is obtained.

[0036] In this instance, as described above, an overrun phenomenon is

, exhibited such that the response speed for control is late due to the high-speed

movement of the screw, and the stop position of the screw exceeds the target.

Therefore, with reference to Fig. 7, an area where the speed command is

forcedly set to zero is set at a position E slightly before a stop target position A.

On the other hand, with reference to Fig. 8, an area where the speed command

is caused to be set to zero is set at a position F slightly before a stop target

position C.

[0037] Subsequently, an embodiment of the method for controlling the screw-

position according to the present invention will be described with regard to the

case in which it is applied to the motor-driven injection molding machine
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[0039] The control operation of the controller 26 will be described hereinbelow.

[0040] When the injection process is started, the screw 20 is moved forward

from an injection start position to the position A at a speed of B mm/sec. At this

time, the controller 26 recognizes the boundary of the position/speed

characteristic pattern at the time of high-speed injection, which delimitates the

diagonally shaded area in Fig. 7, as a barrier, monitors the screw 20 so that the

speed does not exceed the barrier, and thus controls the screw speed. In other

words, the controller 26 compares the screw speed calculated by the detected

screw position with a reference speed which corresponds to the detected screw

position in the position/speed characteristic pattern at the time of high-speed

injection, and controls the injection servomotor 11 so that the calculated screw

speed does not exceed the reference speed.

[0041] When the screw 20 reaches the position E shown in Fig. 7, the

process shifts to the high-speed depressurizing process. More specifically, the

controller 26 reverses the polarity of the speed command to the injection

servomotor 11, and moves the screw 20 backward to the position C at a speed

of D mm/sec. At this time, the controller 26 recognizes the boundary of the

position/speed characteristic pattern at the time of high-speed depressurization,

which delimitates the diagonally shaded area in Fig. 8, as a barrier, monitors the
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screw speed. When the screw 20 reaches the position F shown in Fig. 8 by the
backward movement, the controlier 26 commands the screw 20 to stop. As a
result, the screw 20 stops at the position C thus completing the injecting
process. Subsequently, a dwelling process is performed.
[0042] In the conventional injection-pressure control, only one set value of the
pressure should be used in order to control the injection pressure. In contrast to
this, in the high-speed injection and high-speed depressurization, raising (i.e.,
the gradient) of the injection pressure and the peak pressure can be controlled
by the position A and the speed B, as shown in Fig. 9, and the gradient at which
the injection pressure falls from the peak pressure can be controlied by the
position C and the speed D.
[0043] Furthermore, as shown in Fig. 10, a control characteristic to
successfully overcome an area in which a shrink mark (short shot) and a burr
(overpack) are generated in the time/injection pressure characteristic can be
designed more flexibly.
[0044] Also, accurate and stable position control can be achieved by using a
barrier concept in the screw-position control, and the penetration of the barrier
by the screw due to the high-speed movement thereof, namely, the overrun can
be prevented.
[0045] As described above, according to the present invention, the accuracy
of the screw-position control in the high-pressure injection and high-speed
depressurization can be improved. Consequently, molded articles of better

quality having no short shot and no overpack can be produced.
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CLAIMS

1. A method for controlling the screw-position of a screw (20) in an
injection molding machine in which a high-speed injection and high-speed
depressurization method is adopted to perform the entire injecting process by
controlling speed of the screw (20), the method comprising the steps of, moving
the screw (20) forward to a predetermined first position (A) from an injection
start position, and when the screw (20) reaches the predetermined first position
(A), moving the screw (20) backward to a predetermined second position (C);
wherein the method further comprises the step of:

controlling the speeds of forward and backward movement of the screw
(20) in accordance with a screw-position/screw-speed characteristic pattern,
which is measured in advance and which is derived from the equation V =
(2:K-S)"2 where V is screw speed, K is screw acceleration, and S is screw
position.

2. A method for controlling the screw-position according to claim 1,

wherein further comprises the steps of:

setting a speed command to zero at a first selected position (E) before
the predetermined first position (A) and shifting the process to high-speed
depressurization when the screw (20) is moved forward, thereby preventing
overrun from the predetermined first position (A); and

setting the speed command to zero at a second selected position (F)
before the predetermined second position (C) and completing high-speed
depressurization when the screw (20) is moved backward, thereby preventing
overrun from the predetermined second position (C).

3. A method for controlling the screw-position according to claim 2,

wherein the injection molding machine is a motor-driven injection

molding machine, and
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servomotor (11) to move the screw (20) forward and backward.

4. A method for controlling the screw-position according to claim 3,

wherein the motor-driven injection molding machine further comprises
position detecting means (27) for detecting the position of the screw (20), and
control means (26) for controlling the speeds of the forward and backward
movement of the screw (20), by differentiating the screw position detected by
the position detecting means (27) and by caiculating the speed of the screw
(20).

5. A method for controlling the screw-position according to claim 4,

wherein the control means (26) includes a memory (26-1), and

wherein the screw-position/screw-speed characteristic pattern which is
measured in advance is stored in the memory (26-1).

6. An injection molding machine in which high-speed injection and
high-speed depressurization are adopted to perform the entire injecting process
by controlling the speed of a screw (20), the injection molding machine being a
motor-driven injection molding machine and comprising a servomotor (11) for
moving the screw (20) forward and backward, position detecting means (27) for
detecting the position of the screw (20), and control means (26) for controlling
the speeds of the forward and backward movement of the screw (20) by
differentiating the screw position detected by the position detecting means (27)
and by calculating the speed of the screw (20), the control means (26) being
operative, for moving the screw (20) from an injection start position to a
predetermined first position (A), and when the screw (20) reaches the
predetermined first position (A), moving the screw (20) backward to a

predetermined second position (C);

wherein the control means (26) is further operative:

11
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for controlling the speeds of the forward and backward movement of the
screw (20) in accordance with a screw-position/screw-speed characteristic
pattern which is measured in advance and which is derived from the equation V
= (2-K-S)”2 where V is screw speed, K is screw acceleration, and S is screw
position.

7. An injection molding machine according to claim 6, wherein the
control means (26) is further operative:

for setting a speed command to zero at a first selected position (E)
before the predetermined first position (A) and shifting the process to high-
speed depressurization when the screw (20) is moved forward, thereby
preventing overrun from the predetermined first position (A); and

for setting the speed command to zero at a second selected position (F)
before the predetermined second position (C) and completing high-speed
depressurization when the screw (20) is moved backward, thereby preventing

overrun from the predetermined second position (C).

12



