;rse3eb \.6T>E* 30 May 2003 TITLE OF THE | NVENTI ON: | NJECTI ON CONTROLLI NG
METHOD FOR AN | NJECTI ON MOLDI NG MACHI NE 5 BACKGROUND OF THE | NVENTI ON:
Frrrrererrerererrerererrrrererrrrirrriil Field of the Invention:  The
present invention relates to an injection controlling nmethodafqfapdodd 15
20 25 30 injection nolding nmachine and, nore particularly, to an’injection
controlling nethod suitable for nolding an article hav

ng a snal |
t hi ckness. Description of the Related Art1 Mtor-dri vehlwmwmﬂwmmmm | di ng
machi nes have increasingly been used in recent years, rvo
nmotor s used ATLE OFPHEGNVENTQONR hydraul i c actuator. Opepadt ons of such
i njection devices using servo notors are sunmari zed bel ow. A screwis

rotated with a servdlJsi BON o CNTBEWLLINGt iIMETHOR FHGRt iAN zdNUEQTHSNer i ng
process. The i t within a heating cylinder. Aresinis fed
froma hoppersﬁmlbgam n of the screwin the heating cylinder.
Rotation of the screw nelts and advances a certain netered.anmount of the
supplied resin to a nose portion of the heating cylinder. During this tine,
the screvbis rBACKGROUND OF THE INVENTION k oressur o)y ENIRen oSt
stored in the Lt .the cylinder. An injecti directly
connected to aﬁg@g?ﬂﬁﬁdhgg’ﬂ‘f‘{”on of the screw. The injectian.shaft is
rotatably support edThy peesgheBsentiorpleidtes thapirgBctiorbestitidlithg Heghod fRGirn on
shaft is driven,in the axial dij rectid?n b'y a servci nmotor, for_ injection that
i s supported dRIRHENPPREEE BAGPHERANCHHROTRrRAEEYIENY T 3D IRRIOT GaiEdllindand
backward al ongmgwdiesifibie Fot rhERIRYSE aktRId REViAE Y shhlPthidndsge servo not or
for iinjection through a ball screw. The above-fentioned back pressure of

t he nol t 80 r esPasériptivnt@fdhedRalgteddArtig a 1 oad cell and is controlled with a

f eedback control | WL : i re . |l |, ow. 0 May
2003 2 Then, in a WBW%%“%&@S?@?“%&@# @%ﬂﬁg%ﬁ&%?ﬂf@%@@i,&e@@ ‘bsfas
driving the sejhvwecemttyears,an whigres sevo. matoeisnaseel 4904 substitofe foha Ipairemicser ves
as a piston to fill a |d with the Ho'lteP resin. The nolten resin fills
the space wit hRFUBIE: cKRETPUARS OhSUSAJNIFCUPRAGYITES NGNS PRYCBOIOTR: 2 s
poi nt, the con§ihateds dedw!t he advanci ng notion of the screwis sw tched

froma velocity control nbde to a pressure control node. This switching is
referred1Bo as a " \VA(§aIe¥tiis yotated pathra ssaive) meign & aerevaratadicnetit @ t he
quality of res 3 i Fohl=0w t; = iskehi,n

resin within tﬁlgg%%%ﬁ%a@ﬁi c}a/ﬁr:igi ﬁ;{)f‘e;s\ﬁedef}ﬁg ?%!%g\{)é{qa%c}g?s‘)gh%@e e?eéarﬁm ed
pressure. Thi scyindeess rssinéd fad trdmt @ happer welréamportiooofdise screw i the
dwel I'i ng process,..the pressure,.of resin i ntrolled in,the feedback
control | oop aée?twgt?}’«gﬁg%bjggtﬁﬁﬁq Pﬁtﬁ%gcﬁe}&@e *§ g(égﬁdggﬁ%ﬁﬁ? 8?¢a'?ﬁ‘a%f?f%°ﬁe

i nj ection devi gmoust offthe suppliddragiraidta nosmpotion v they hexgtingreydindsr. 1Burdid er
the conpletion of the dwelling process. A nold clanping devj c‘e perfornms an
ej ect opéPati of¥ BPeefEciaray BredGcied (RSP (RACKHESTHIPYCT egarlsn el

Wi thithe pl ast j«&din 3idre@iimBieehdsWpHitioh % the tylindee ej ect operation, the nold

is opened to renove the solidified product fromthe nold g% an ej ector
nmechani sm and t henAfhigjerdica shafcisgdieastly sonpreted ol 2 igapene eestiorpof Ke wel |

" om . el . ! o _
The i ect 'on- 2ai of R eihishefis rdiaaBYcupbERAd ] o fiksbing AR BRAGEED-
article. |If thebearingt iThwe inj@ctiorobhdfois driveplinite praldiectitraby agsearvo arajer

t hi ck i lied to the.noldi f a thi | ded i cl nb f
or obl errs 24 11 1 BEctied, hakiarenpcied Anthe RIBST e Fisn SheskERoH BEE on
control 25 to HhRea9bNdIg P Fadidiard BRIndaslid@é bifd B re8foMeECRSHeheRaRss Ur €

exerted to the
of the servo motor for injection through a ball screw. The above-mentioned

back pressure of the molten resin is detected by using a load cell and is
controlled with a feedback control loop, as will be described more in detail
30 below.



nol'ded article may generate flash and/or residual stress, which may result
*in a defective or flawed article. Therefore, the pressure exerted to the
nol ded article should be reduced. However, the conventional injection
control nethods cannot effectively reduce the pressure suddqﬂjmagqgggse t he
30 maximumtraveling velocity or the acceleration of the screw 15 snaller
in the dwelling process than in the fillirm process. 30 May 2003 3
Therefore, an object of the present invention is to provide an injection
control method whi chHen, innefilfv 9rddés§,rtﬁérwes_s@ngbrat@r30bdi}aﬁee§b9rem'k/in§ttﬁ8' ity
of a nolded article between adjacent shots in nolding a thin frol de

article. 5, The seresamtor ferdnectinn.i Shappse partian afithergceew iservasodsiamistoachi ne

whi ch carries i i uding a resin plasticization/netering
process and a ?bejglf'% &B'ﬂﬁg@%@l@ggb%%@ Fig. 1is aviewillustrating a
schemati ¢ confi gur atTHemefemresid fiktthe@pace withitrthe @avitpbothe@ s tha8 alingi 9s-
2A and 2B illustrate an exanple of a conventional screw traveling velocity

I
and screwposi tArefRSSatALRIS PRINtHEE SOPtERl MPes Krithyadanséng motien ehtiegisaewri gs.
3A and 3B illug{ fsg}itt%néa fF‘dﬁ?’é‘Ne‘?o&{gl Cortfd Fibdd %;s!dégégﬁ]dg%cggwovw%%. Lrpjgcrew

positions at whic e screw traveling velocit according'to a
first enbodi nerswitthindhés Efersedto iasvantMofveld@itgsto PApaessu®) switclsing'abadan

exanpl e of a screw travelin el ogity and screw positions at which the
screw travel i n@f@@_rsb&\et?Jql'é)%%%ﬁ_&@l?tyr&eg&pcﬁrﬁée?o a second enbodi nent of
the present inventi gjoRbhdthg V-P dvitchirly, BeeresawRATRE thdld cavifis fowed
traveling velocity and screw positions at which the screw traveling

vel ogi ty 1& chdRdew) vadedbrdriggetesminachprassditbodnifeRiocsss inesfpireddatas a

embodi ment 1 n 1Keing Arfeds Y b PRI o A R PRI S 1 ng
to Fig. 1, a nuomtradiedvianthenfeedbachk oootrd! lappras Hin rtbei abalesmenbenediack
conprises an injectiaon dngce operated by servo notors, for the purpose of
facilitating t CErdE ARG ng of the present invention. The injection

device rotates a scrawmhheiBpRto®lelit@nsainsitd ik plastiiRition/meRtihgPrddess0 a
servo notor into a |linear potion through a ball screwand a nut. In Fig. 1,

rotation B a s'_tflf‘ifot_hﬁoFB’r“pﬁi‘}F‘on the dwelling PeogessnsAi MAAY FYNainsafeviser ew
12. The nut 13 derfdriee8n lefed dpePStidH forRlj@dthgld solg hrédddt J S IHE mdd in

parallel with the plasticization/metering process. In the eject operation, the

mold is opened to remove the solidified product from the mold by an ejector
mechanism, and then the mold is closed for the filling process.

20 As well known in the art, injection control is performed in the filling
process. The injection control should be changed depending on the thickness
of an article. If the injection control for a molded product having a large
thickness is applied to the molding of a thin molded article, a number of
problems will arise. For example, with the application of such injection control

25 to the molding of a thin molded article, an excessive pressure exerted to the
molded article may generate flash and/or residual stress, which may result in
a defective or flawed article. Therefore, the pressure exerted to the molded
article should be reduced. However, the conventional injection control
methods cannot effectively reduce the pressure suddenly because the

30 maximum traveling velocity or the acceleration of the screw is smaller in the

dwelling process than in the filling process.



30 May 2003 4 advances and is retracted in response to the rotation of the
ball screw 12. The pressure plate 14 is novabl e al ong gui de bars 15 and 16
which are fixed to a base frame (not shown). The back and forth novenent of
the pressure plate 14 is transmtted to a screw 20 via a b&rMayg2003 a | oad
cell 18, and an 5 injection shaft 19. The screw 20 is positioned within a

heating cylinder 21 such that the screw & is rotatable and novable in the

axial direction. The heating cylinder 21 corresponding to the rear portion
of the screw Wﬂbﬁ&ﬁlﬁﬁper 22 for feeding a resin. The
rotation notion of servo notar 2 r.screw rotation is transm.tted to
the injection shaf fr%fégf:?feaaé] é%eﬁtoﬁﬂﬁg%gﬁﬁéﬁ%v n%@hé%ﬁ)ppriog @?Jn]?%tfon
exanpl e, "a bekbngamatid WRh i$ Inpidved 1endare WBIghS8AE WirBnsiBhat Kabmgy a

result that the injection shaft 19 is rotation driven by the servo notor 24
for the screwof 8traglided.ari¢lehedveenadiccepbshalaimeaiding thirometded artistsl. t en

resin is stored in i | . s ! ; . e rew, 2

that is, oh the si J@%ﬁqrgggrﬁ]t'dgg?@%{fgg%\%pké&%ﬂéﬂﬁfﬂﬁ%@ﬁ&g@@%H?agc?ﬁré% YVQ&: ed
whi | e rot ati ngairiestdit anmaiding coybiimeleding® reSin pldgdigatieg/ineerfiy siocédsi n the
heati ng cylinder, 21, t?g nolten resin stored in front of the screw 20 is
filled in a nBNd &FSHHERS RFPESE for nol ding. A force acting upon the resin
is detected by the load cell 18 as a reaction force. The detected pressure
is anplified by a load cell anplifier 25 and is then supplied 20 to a
controller 268H 2 EBi : i AW

for detectjing an aun.of nov tof h screw 20.. A
from the Bbeti on Ml ebitp Yo Loaiafirs Saneiels apefietp
supplied to thgectRIH meldifg midehingie control ler 26 supplies a current
(torque) conmmand to servo 25 amlﬁltqiﬁ:i ers 29 and 30 depending on the

et eo§ti on, Si

|
AL LG g?hen

above- nment i oned pr &igs 28sand2Bdlusirate anexamngle etasenventional spevatrayelinthe
servo anplifi t - r 1 r . means
o control |1 ngeigtly EOIEHRel pBRBH; BY W figRchu LaSeil Vol Bonzholl
anplifier 30 contr igs. 8A andBBailusirate dn akatripte stasorewtravelly mlocinearsd of

12 and. 247hay e BaSHaTSa! Whishdbe SPEuR ERYFIr yFoq s sBRBaEs. Ao Teade | on
speed. The rogalk0smbBaRseritel e gﬁbs}@mmnﬁmoders 31 and 32 are supplied
to the controller 26. 30 Maéﬁz 03 51t 1s noted that the configuration

illustrated in Fi gFigs. 44 argd 4Blilusirate anfexemple pta sgremtavelingeralesityeandh

xanl ¢, aparely phflafs ekifichhf SKEW R SR EPRAEEY terldho 1 and
2B, a convent gayegbninireisddiment ehtheobresentinderdtions descri bed. Fig. 2A shows
an exanple of a screw traveling velocity and a screw position,

: y . as a
function 3@_ tine, f FQ)rﬁ HiHgtratesiamexyrpesda pelEMotiR lnghvgelocny and screw
pl ast i ci zat | opLERbAS BANHRHPPRSErEW talElRs deiBhin} BEHAWBLA] AERIIAG 8 -thThe

screw '
' embodiment of the present invention; and

Fig. 6 is a view illustrating a modification of the embodiment in Fig. 5.

25 DESCRIPTION OF THE PREFERBRED EMBODIMENT:

Referring to Fig. 1, a motor-driven injection molding machine is
described which comprises an injection device operated by servo motors, for
the purpose of facilitating the understanding of the present invention. The
injection device rotates a screw by means of transmitting a rotation motion of

30 a servo motor into a linear motion through a ball screw and a nut.

In Fig. 1, rotation of a servo motor 11 for injection is transmitted to a

ball screw 12. The nut 13 is fixed to a pressure plate 14 such that the nut 13



position and the screw traveling velocity are previously determned in two
ror nore segnents as shown in Fig. 2B. Mire specifically, screw 20 travels
at a 10 traveling velocity of V1 for a first segnment fromthe begi nning of
the filling process to the time when the screw position reachgisstzodse
screw 20 travels at a traveling velocity of V2 for a second segnent Dbetween
the positions S1 and S2. The screw 20 tradels at a traveling velocity of V3
for a third segnent between the positions S2 and S3. At position S3, the
filling 15 progédssndies and iscletchcter inhesgdorséd tothepraiatiers of thePbalvistdw @) . The
settings for the above ar revi ousl iven t.q the ntrqller 26 through an
Thput uni t, 35 (e @ressure PR EiniovRble i Guife bars T ABY G WIHRR A BKE he
screw travelin l.egt i € Bhihah i efRIMt tHgs
and a detecti og) é?’&%ﬁ?ﬁaﬁnuépg@eﬁ&?ﬁ%m e pogfiti orﬁpﬁ*eéﬁgct or oggféjagé%fs%\'%i g.
2B, the rel ati patardngtrahanitesitoiasscsewt?0ia ehbedringvel ,ccioayd dedl tHhamglesh i s
typically_as S3.< S2 < LA fit is determned accidentally as $S2 < |, S3 <
S 1, this°meanfUgsHan f'Plé%é'@r eW%Cf_FEI f@ﬁ%%ﬁ*%%ﬂ%ﬁwtﬁ@ @Elga%{lg <Y _?fréﬂ:ess.
The control | er sa6y tNAWRY Rkre@Das FbtaRDIE BAN hERBIEt H0a88) difecipnl NEQS 1 ect
input and ignores the setti ng S3 because such retracting is perforned in
the 25 dwel | i nhepting eylnders2 hmeaiespendingipAhg. reaa portien oédBersaren 2&iew 20

educ ng t e+ BaPRPBFh A Fomi e Rl it 1 Mialiofinol s Bidee
settings as shewsiof R4Hog.scPéwirstdtiopi isatransnsitted abl thef injectioh dsthfian Bi vihes

having a |arge thickness. After the 30 ,conpletion of the fil]ing process,
the nol dé§ art FEVRINGIBEMPES Zéﬁé’“}ﬁr@@g@f’éoggxalrﬂ%'er% et and R PP%-M@EBF

article havinguahange schiv knastated BE alfebdthatlthé fictit¥HAES is rotation
significantly after the filling process. The ap%catl on of the pressure

30 May 2003 6 tovendyribe setvoameias|24 fanthenscrewd otRtioNt i ng process can
conpensate for this L0 0, + Rl Sed-Q) ion
control is used for “?Eﬁeg h%%h#'ggh%&‘aeﬁ%}ﬁign‘g #r%g%ége]’gé]gyrotlt%ﬁg?lhg%&edxrgg?gi&@ée)
pressure exert éeating tylmdeoldatitrerhead of the sergwh éhattis onlths sidemf/zonozzisi dual
stress, i ch y.result in a awed o efective article, . Therefore,  the
pressurevﬁertgg'?d" q{bﬁ“ﬁrﬁcﬁ%‘ﬁabr‘? fegfaé:'{es(ﬂ\ﬁf]f%roﬁ%t"}ge'&dh%h?aw ,er%1.

conventi onaljdi IE%yes%\ﬁa@ain@qné rrs].eiewrzc_o hrogie mmnigw_tymfdeelczm irel mout@dﬁssan bfoeed
pressure sudden ecause the_ maxjnum traveli vel oci or the
accel erati on off %/rﬁét fdhegcriey 20 filled in 4 Moy aaagmﬁsmjfz?é é’é@%@d'ﬂ"ﬁarf\ 5% n t he

filling pr OceS%ctihg uBbA ke VRIS, deiSbtedBY sl |caiden1@Sad @ Yedtdion 18/8d. | The
t hi ckness, the resTn is contracted | ess. Al though a snall volune of resin

) ( gh \ .
i s required todetectepprassura semplified by loadicell gmpligen 25 ard igtpen sypplied

conti nuo y t article. Referring to Figs. 3A and 3B, an
i njecti ot?%cont ?%Itah%%wggpg%bordi ng to 15 a first enbodi ment of the present

invention is descri tﬁeplosimsdetieptdraﬁ i&sttam‘hn_dite thgapk_eséme plate 1éaf_sedaﬂeetireagt he
G 1 ar, for eRrpnauies RammeRsE Srafath A fe kit yihalTror tepB8hich "°
detector 27 is amplified by an amplifier 28 and is then supplied to the
controller 26. The controller 26 supplies a current (torque) command to servo
25 amplifiers 29 and 30 depending on the above-mentioned processes for each
of the values set by an operator. The servo amplifier 29 controls an output
torque of the servo motor 11 by means of controlling a driving current for the
servo motor 11. The servo amplifier 30 controls a rotation speed of the servo
motor 24 by means of controlling a driving current for the servo motor 24. The
30 servo motors 11 and 24 have encoders 31 and 32, respectively, for detecting
a rotation speed. The rotation speed detected by the encoders 31 and 32 are

supplied to the controller 26.



In Fig. 3A, a feature of this enbodi nent includes a step for retracting 20
*the screw 20 in the latter half of the filling process before the filling
process is switched to the dwelling process. Fig. 3A shows an exanple of a
screw traveling velocity and a screw position, as a function @ é ?@0 from
the filling process follow ng the plasticization/netering prg J@ ?

dwel I'ing process. The screw position and ghe screw traveling velocity are
previously deternmned 25 in five segnents as shown in Fig. 3B. Mre

specifically, the sgienoied thabwel sorifiglvation iddstiatbd ay Fid. Moisviel @fd §akePbr V1
for a first segnent. fromthe beginning of the filling ﬁrocess to the tine

when the scredPEdeity and FeaEaniancs: A %lf&@@wggmttqna@fé g injectienr device is

traveling velo e jt4ons S1 and
S2. The gcr ew %#‘P%ef(%}gg‘%@@e g Bg % egfétnttﬁﬁvd’“ﬁggnw& ?8 46% for a
third segment bet weRsfdrfreg f2oBigs i 2man82Br0cEentibhal |h}%cﬁbrﬁncbﬁfro! rﬂeﬂw ation
to the conventional control method. A difference lies in the 0 May 2003

7 subsequent ofeteEcribaddiig. g SiPovH an e ampie ff G chy tiayeling M@IOFéY pAdteed at
th t t
two Segments (Tore PhatTn pAT AR of Bhel Fof e Aiinp DrEBER. It

filling pr oces;slpstld“tmcm/meteemgZ)(Doaasa\befltbe bad kiknediveelling proaess.i Tige serdeoci ty

of V4 for thefougth s&g_é e p0|t|ons S3 aﬂ§4 The crew20

Ot avel & backuar et ae HE SoreRaHOET B RBcly 08 ity Feterie il i

bet ween posi ti gnge %?m@ﬁtssfs siSwiPBSFig 28. Sfore specificallyi Qérewmﬁ%%!sé‘ata
switched to the d ing process. The relation anong the positions at which

the vel otPty ikavelngyeRiorisy of il dar gyfirgksegmentsfom ti;@ kegipnigg of the fi ng h the
previous sett! paRess (SREIMELPYR, sty boSlON BAcHIY 81 ! e Sepil

retracting the screw ns 1's erm ned according to't ese p05|t|on
of the screw 2ﬁah@lsua’u agraMngele}cd:ltyonf MngmI a sepphdeibg‘mmh bdﬂtwe;mstl'te on

detector 27. 15 v e for rd ouve t he
Sorew 20 bui aPeETRTRSh AR Hhseraneo SRV At B Rt R Y L B
segnents in thﬁuﬂdaéégi*ﬁedﬂtaﬂ)étv@fentthe dasitidns B andesd, At posiiphdby, tedirighe

br essur e an - bBIER o SRua 18 Oveling PresRsNTT SUUERTAL VSR SENEFSERT 1 ho
accel eration Nﬂecabéwa?eﬂp#éwcﬁew et e eompsiidr 28 thasughTah gt @witdss the
advant ages of avoiding any flash and of reducing the residual stress in

nol ded arti cl e€Figavi). ng ke sealrpllem2e gesysls the pyitpina et et semw Heveling
articles my be @fty a'chP@i‘éhg%'RN Bete et RtbAES Skt ggt&%%&&&écrew

20 is retracted process (pressure ¢
contrary, in tbgnpretmuedzmmmm@domhunﬁetemorsﬂ ew 20 is retracted while

control |l Lpg the vel 5|tion d r|n i rocess, .So
Chat  theZllai gnt andt RS- arian TRenedie BEstPRr o aidf e FBEEn s
Next, referringh&fged e&ypléﬁlyemsa& sa<s&nomd ned&ednmata&fddnmlyrﬁsesem
|nvent|on|s descrlbe%ﬁ eature of thsenbarcg?ﬁnt_ I?h F for 30
st oppi ng the s&Pews20t me@aeﬂh%}ﬁée SALRY AY 'S FRAT PENG Hefllingharagessw 20
achi eved by twenarcdmidies 28MBBIVEVES, dNEmARSs MdtaRe stmﬁ@ B@‘@ganV%%BrrEB?

operation to stop the screw 20 begins is determ ned based on a
2003 8 predet ernpumeddmmreasmesﬁmmm§3mmeeucwféa@@edspedarmsu)i HIH'@ scr ew

The * begenni nfrsiireneek s i BPalt I g 2AT TR et 8 TR ¢ on
reaches Sl. ThestrgtenvisAa atvb&i/@éféctf\@mrddwgztlnﬂuﬁhg\ﬂelshw mlaﬂﬁlofpednfmﬁé? for

the second 5 segnent between the positions S1 and S2. The screw 20 travels
forward at a tfR@EIMYI0EPERIIYEof V3 for the third segnent between the

positions S2 and SsTh-ghl'nﬁﬁel%ncémﬁrlo?tb%Et\;‘d YrlireLedifad B8 GRAIAI PRy, dee | bed

in the first enbodi nent e screw egins“to be retracte t the
position S3. | typitaly $Gitabi®ddi moided tenticlesthasing arnaige tilidoesadeAfter thehe
| ast tvvoaaegments

compﬁetio%' of thg%lling process, the molded article receives the pressure of
the resin. For the molded article having a large thickness, the molded article

contracts significantly after the filling process. The application of the pressure



fourth and the fifth segnents fromthe beginning of the filling process).

+ The stop operation is set at the end of each retracting segnent. As a
result, the screw 20 travels backward at a traveling velocity of V4 for the
fourth segnent between the positions S3 and S4. The screw 2038 soeps for
atime interval 15 Tl at the position S4. After the el apse o? the tinme
interval T1, the screw 20 begins to travelg backward at a traveling velocity
of V5 for the fifth segnent by the position S5. Furthernore, the screw 20
stops for a ti@tieirRided atRlabulifg tROYiWdling Socedd cah é‘r\ﬁ"a?éfforofh% he
time interval T2, the filling procéss is swtched to the dwelling process.
The rel ati.on a@@miRatied. positions at which 20 the velocity is changed is

typically as S3 < S < < . erri to Fig. 5 third ..
embodi ment of the péggtggt%t??{&%ﬂd' @l‘%ﬂ?ﬁﬁe‘é@rcﬂggapnéﬂ@sygs?ff?re{ﬁgfmpmngg
embodi nent i s gf sHER mclded bRRIK, 0 éXtRsSREGe2EUrd WreRBd tHthe Adigsd Balde of
the filling process. The tim ng when the operation to stop the screw 20

begi ns i sSdet efAY@eNejat-liashaadior sesidealinstrass, phish mei resulbin atftawed e 20.

More specifica ; f [ [ | i ng. vel,oci of
V1 for Iot he fir é%%gté%ér]rgﬁ?g ?%Hrﬁ& ?fﬁgéé’gpég})ﬁerﬁsﬁééﬂ%fg{eﬁgog P% W%X‘Se‘i)?’g'c?@sih%“é‘} %/he
ti me when the ber mudysedi t i ldoweeat hesvBhtioddleirjedtion 26ntrdlandtiodoroamndt at a

traveling velocjty,of V2 for the second t between the positions Sl
and S2. The sc?hﬁz@@u f%ﬂ’/‘éqes”\eoPWérereaF“‘iggﬁ&ﬁcﬁHae Vg Seaxiausy treweling t he

third 30 segnepgiobig} vema atcbéle&aﬁntdf%sc?%vﬂg‘élnﬁﬁeriﬁmhédwggiﬁeﬁ%ca%sﬁggan

simlar to the operation described in the first enbodi nent.” " 2003 9
The scredf20 tiethesfibips process-t ilether wiords, fol malded articies thayingsa. smal er

t he el apse of i I d re L I kwar d
at a traveli ng{rggf%écglgfe;tlﬁéc}#%%f %érr;]t{%cté&flo%r%f hmgrgogjﬁ@ﬁ%g@;%”b'%éJr%%\é?tr?%ﬁ? .
The rel ati on ansqgredhte osupplementad, \ehargde tesé prelsevid ip appliet @ngtinudsly

typically as S <S2<S4<S]l.. It is noted that, as shown in Fig. 6, the
screw 20 may bgo g’teo'ﬁ‘ﬁgsf%f@%'cﬁtl me interval T1 at the position S3 and begin
to travel forward aRelerrihg\6Figed 3nalmCIB YarPinjedfioh @bnirdlenéPBHiftcorINE by
the position S4 after the elapse of the tinme interval T1. The relation

among t hdSposi gifrerabodiment of Hie pieseBt nyention s dasgrged Pescipiamheipins s4
< S3 < S2 < Slig @%dgh&@g ‘é’e%@wé?g‘t’ﬁé‘g?e%eﬂfinklé &\tag%@bﬁ@h wgwbxaﬁ% ng

the latter half t he I ng proces a voli dntll;ray Incorporated 1nto the
nmol ded arti cl einjectipnovicliéngieaebinewsimitarl ftireremplie pe tetit wehicn isceimoivn inofig.
and/ or a shape.of the nolded articles. This is because the traveling flow
of the resin cgnnot catch 15 up with the notion of the screw 20. However,
the tenporal stop ofin Fite 32 aefeafife af ttiotadeairakyt istiabes iazstep lfier retadiiig ons

of the resin. The filli rocess i n e of the ntioned. enbodi nents
my be sabt chedhasrist P §1e s el He, B5e RiptaRe e RRnLING WACBTDCess.
The present i nyesfiteRed e tedremhg $foéesshyrigashishaiwsyaPBREMPRIoS AlsBfdw ON
mol di ng 20 machi nes, and also to other configurations of notor-driven

i nj ection nachitivelingyeiRsiy EnEcaisesyvROSIR @SR Actian ohEmes &eantha flingit i on,
tﬁgﬁesf[ e‘é"ofsgi Lﬁ‘;tééfegsts%n&%b e blRiLi2EHmBMAngProtdi thithd LRRIRE PFESSsst ©
The screw position and the screw traveling velocity are previously determined
25 in five segments as shown in Fig. 3B. More specifically, the screw 20 travels
forward at a traveling velocity of V1 for a first segment from the beginning of
the filling process to the time when the screw position reaches S1. The screw
20 travels forward at a traveling velocity of V2 for a second segment between
the positions S1 and S2. The screw 20 travels forward at a traveling velocity
30 of V3 for a third segment between the positions S2 and S3. This is similar in

operation to the conventional control method. A difference lies in the



suddenly drop the filling pressure. This advantageously reduces the
~residual 25 stress on the nolded articles having a small thickness in
particular. In addition, it is possible to avoid any flash on the nol ded
articles and to stabilize the weight and the di nensi on of t*“%dﬁﬂbg%@o
articles. 30 May 2003 10 WHAT IS CLAIMED IS: 1. A nethod for co troPIing
injection in an injection nolding nmachi ne which carries out a nolding cycle
including a resin plasticization/nmetering process, aresin filling process

Vol oci y or postPreh ek eEr AR PRI BN boh: RnB et e,

filling procesposdionh®3.eby reduce a resin filling pressure, after
conpletion of the resin filling process, the dwelli rocess being carried
out for pressure coﬁf‘rtg‘ls.erﬁbo‘;& thihg relraction F?erﬂ‘afjﬁqgrl ﬁ'ﬁen‘?'it,%%@%mﬁnﬁshe
timng at whichi g etdidl AqOntth SeGRERY RAF RS bEGI '

pr edet er m ned Bloééftdi on of tlhe esig;r?lew, an &ﬁgé@{jﬁﬁgeﬁf@?g@??gﬁsg%ﬁbﬁ:thf for
the screwi s arsiraw 20itfavettchackwane @t adravalimgveloditasf \¢4 firtee fourticsegmed!,

wherein the retraction vel ocity. f t screw,is,_det erm ned sych that
begi nni ng of ¢ RENEEH REVEGHE So A B4y 1Ba S pAE bRk D reveliog
screw. 4. A neteustitgof Usdortk fifth ségrhentbetiveeh POEitIEASBY &idg5S tapRisidnt he
screw at | east once during the retraction of the screw. 5. A nethod for

control i ng i njothehling pErressjicsvitdedintior dyeliae rroresswiheteletion agwrsut a
nol di ng cycl e i,pgludi Lasl k&) Zatd [; 0 i n
filling proceséﬂgrﬁ)&ggﬁg‘%tlﬁ]gﬁb@og@gg@ é:‘%i?%?ﬁ%gfdéonlgﬁss?%?s%%tée%?ng an
i njectiomMGhot $McdSh heating cylinder of an injection nolding nmachine;

injecting at | east of the inj ion shot.into a npld. by advanci a
Serew i nan di rect i ONtEhPiR ol YndT B A0RReE R olnaRedime BOMERA RS, e
in a retracti onstdp reFaktrasdting the Bcidwe 20epdding i< detarthiiad aocatdiret tatiegetof
the screw being carri e? out by vel ECit or. position control of the screwin
the latter hal fPRSitiqmer theissréw 49 ﬁﬂ%’?ﬂ: deteqtioar 2ighal siRRliedalresing

filling pressurgeitd 8eteeimizetion of the resin filling process, the
dwel Ii ng process being carried out for pressure control. 6. A nethod as
recited it6claim5, Aneeernbethpbeys mptonly the)feevardrmevemesbeipthesesew 20

controlling a t WY prﬂiﬁr [ i A j di ion.in a
plurality of cgﬁﬁ%g?&{shgggn%r%ﬁ%%\% yo%’ggé‘ﬂ&%& g\hﬁrw@ h%réhnﬁg%gg%n?%ﬁf in
cl ai m 5, wher eitherletteabaif g thehlling jpeatdssn toes apidly coop theseesin Bitingpréssyre he
screw at a plurality of different retractin eds. 8. A nethod as recited
Th ol'am 5, "sai A® AebwEat o ey s SPad R Bressurd FTbhe feseRel Sl | -
a fully advancedeBnasisf gz hidximufehaobRiy VeltRitpedr o atéseratibh WhjcBCHeOoN
shot is injected into the nold, then retracting the injection screw before

retractingt he iNicEeER MdiogBaching Ras { s PRRUFSHEeBAVARtRSES o) avalding 3B f or

control ling injged gﬁdicﬂ r8Butifh 8RE IreSid IR SiHdG PBABIdRE AMEIES HeRTHd 8ol a
nol ditng cycle including a resin plasticization/nmetering process, a resin

filling processthigikhessdwil isi mefegribetdre meided mrtitled roayhe vaned impveighhg an
i njection shot | i | J i} J i i ne;
injecting a por%%eﬁf hf%tead nje@gtélhggsegﬁ%n ?{rh Seﬁe%rrgog&bﬁ g%&%%c‘ﬂﬁ@?’aﬂ%

i njection screwdwslliag prgeassi (predsurec tomnoliv t Kim théecdme@try, ngn ayé i présent and
retracting _the injection screwin_a.retracting .direction a first

el ected d5st aneBOGEEN: 16t SFea 20 BdclRart MM FeTo T Penielprgor the

cyl inder; said Fséigéﬁunﬂn@thémﬁngsgfo%%é@onaapmerwa tuHd th¥ dfBkRSibR Yf Bfe
position control of the strewin the latter half of the resin filling
process to therededdiicesaaniecssinstadnt| | i ng pressure, after conpletion of the
resin filling procesg,..th IL1jing: nr bgkn i€ . ure
Control - 10 A mot horesd P Bl APERB Fh B e enBlm et B FRITT

the injection spregnbivanties @deselbedt ethefleatirac this iehibodimentisat steg for
cylinder. 11. A nmethod as recited in claim$9, further co,rrgri si ng: hol di ng
the screwdft th8laPping thesrrev é8 FJ8Rs: RreafvEnd &g Fetratit] @fithg FBEWAY i r st

sel ected time pgriadsdMfwo or more segments of the operation. The timing when the

operation to stop the screw 20 begins is determined based on a



30 May 2003 12 retracting said screw by a second sel ected distance to a
second retracted position. 12. A method as recited in claim 12, further
conprising a step of holding the injection screwin the second retracted
position for a second selected time period. 13. An appar at &§ May 2003
controlling injection in an injection nolding machi ne which carries out a
nmol di ng cycle including a resin plasticiZation/metering process, a resin
filling process and a dwelling process, said apparatus conprising: a
control unit Peadaelemningn| pesitior ek thasscew &0sc vanesificaly, Hibet $a1gwcd0 i nder ;

et i ng eyl  niayeR f8Bherd 2L ERRRG Boaif toy) 30 BEREsBgRiart AR e ., T

the injectionpeyinnirteot thet iy pcassits the wratiwiemernscréwpasititppicaghesd
retracting the screw within the heating cylinder, wherein the control unit

i s configuredSile t¥meeEW eh&raypledarmrdiaié tsaveling Pty of dvsler the eecancd
speed of tge §8gﬁ‘@n?§§§ﬂeéfpﬁfé ﬁd%ﬂﬁ"sss{ 593‘%2‘?%ﬁ@?@%vﬁ?@?ﬂa@%ls‘i‘ah@%ﬁaﬂd to
35 0 thé no

sense the Jpre re o e resin berng injected in based "upon
si gnal s from ahteavaling setaxity exfi M3fgr the thirdseigthertt diptwagn dnelpositiores SRrEpdreans

stopping and retracting the rew based upon said, signals said retracing of
thepgcrgw bei ﬁ’é gﬁ?’?e‘g‘ ERTPIRIelY P IBUIRT \loc Big: PREragion %@52@ 7 h hé’sﬁat'?er

hal f of the rggiHbdimkht.ng process to thereby reduce a resin filling
pressure, after conpletion of the resin filling process, the dwelling
process being carriNeft,ahe scoew P0Reginetebatretsacted at the position 3. In this
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Y710% u&' () - @lesodber: [he feature of thisgpmberiooen' is p-stepJansstppping the screw
20 during the latter half of the filling process. The timing when the operation
to stop the screw 20 begins is determined based on a predetermined position
25 of the screw 20. More specifically, the screw 20 travels forward at a traveling
velocity of V1 for the first segment from the beginning of the filling process to
the time when the screw position reaches S1. The screw 20 travels forward
at a traveling velocity of V2 for the second segment between the positions S1
and S2. The screw 20 travels forward at a traveling velocity of V3 for the third
30 segment between the positions S2 and S3. This is completely similar to the

operation described in the first embodiment.
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5G 1\9 %ﬁ%y(c}f \}:44for the fourth segment by the position S4 after the elapse of the
time interval T1. The relation among the positions at which the velocity is
10 changed is typically as S4 < 83 < §2 < 81.

If the screw 20 advances or is retracted suddenly during the latter half
of the filling process, a void may be incorporated into the molded article to
provide defective moldings, depending on conditions and/or a shape of the
molded articles. This is because the traveling flow of the resin cannot catch

16 up with the motion of the screw 20. However, the temporal stop of the screw
20 advantageously stabilize the conditions of the resin.

The filling process in any one of the mentioned embodiments may be
switched directly to a cooling process without the dwelling process. The
present invention can be applied to hydraulically operated injection molding

20 machines, and also to other configurations of motor-driven injection
machines.

As described above, according to the present invention, the screw is
retracted during the latter half of the filling process to make it possible to
suddenly drop the filling pressure. This advantageously reduces the residual

25 stress on the molded articles having a small thickness in particular. In
addition, it is possible to avoid any flash on the molded articles and to stabilize
the weight and the dimension of the molded articles.
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109 () -! . f &Ski1bompthqd forgaroraling injertionJipKan inisetipmns plding machine which

10! Y' s109%bagries ottt @medding pycle including a resin plasticization/metering process, a resin
filling process and a dwelling process, said method comprising retracting a screw by
velocity or position control of the screw in the latter half of the resin filling process to
thereby reduce a resin filling pressure, after completion of the resin filling process,
the dwelling process being carried out for pressure control.

2. A method as claimed in claim 1, wherein the timing at which retracting the
screw begins is determined based on a predetermined position of the screw, and
wherein a retraction velocity for the screw is arbitrarily determined.

3. A method as claimed in claim 2, wherein the retraction velocity for the
screw is determined such that beginning of the retraction is performed at a highest
velocity of the screw.

4. A method as claimed in claim 2, further comprising stopping the screw at
least once during the retraction of the screw.

5. A method for controlling injection in an injection molding machine, which
carries out a molding cycle including a resin plasticization/metering process, a resin
filling process and a dwelling process, said method comprising:

metering an injection shot into a heating cylinder of an injection molding
machine;

injecting at least part of the injection shot into a mold by advancing a screw in
an direction within the heating cylinder; and

retracting the screw in a retraction direction within the heating cylinder;

said retracing of the screw being carried out by velocity or position control of
the screw in the latter half of the resin filling process to thereby reduce a resin filling
pressure, after completion of the resin filling process, the dwelling process being
carried out for pressure control.

6. A method as recited in claim 5, wherein injecting the injection shot
comprises controlling a speed of the injection screw in the injection direction in a
plurality of control segments.
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holding the injection screw in a fully advanced position for a selected time
period after the injection shot is injected into the mold,

then retracting the injection screw before retracting the injection screw within
the heating cylinder.

9. A method for controlling injection in an injection molding machine which
carries out a molding cycle including a resin plasticization/metering process, a resin
filling process and a dwelling process, said method comprising:

metering an injection shot into a heating cylinder of an injection molding
machine;

injecting a portion of the injection shot into a mold by advancing an injection
screw in an injection direction within the heating cylinder; and

retracting the injection screw in a retracting direction by a first selected
distance to a first retracted position within the heating cylinder;

said retracing of the screw being carried out by velocity of position control of
the screw in the latter half of the resin filling process to thereby reduce a resin filling
pressure, after completion of the resin filling process, the dwelling process being
carried out for pressure control.

10. A method as recited in claim 9, further comprising:

retracting the injection screw by a second selected distance within the
heating cylinder.

11. A method as recited in claim 9, further comprising:

holding the screw at the first retracted position after said retracting for
a first selected time period; and
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a pressure sensing unit for sensing an injection pressure of resin in the

heating cylinder;

J>

a speed sensing unit for sensing a speed of the screw in the injection
cylinder;

stopping and retracting means for stopping and retracting the screw within
the heating cylinder,

wherein the control unit is configured to control the speed of the screw and to
sense a forward speed of the screw based upon signals from the speed sensing
unit, and to sense the pressure of the resin being injected into the mold based upon
signals from the pressure sensing unit, said stopping and retracting means stopping
and retracting the screw based upon said signals

said retracing of the screw being carries out by velocity control of the screw
in the latter half of the resin filling process to thereby reduce a resin filling pressure,
after completion of the resin filling process, the dwelling process being carried out
for pressure control.



