;uvede: b& \46T&>F, 5 10 TITLE OF THE | NVENTI ON: | NJECTI ON CONTROLLI NG
MOLDI NG MACHI NE BACKGROUND OF THE | NVENTI ON: Field of the Invention: METHOD
FOR AN | NJECTI ON The present invention relates to an injection controlling
met hod for an injection nolding machi ne and, nore particul ar

injection controlling nmethod suitable for nolding an articl emﬁﬂmmw@&wwgl I
t hi ckness. Description of the Related Art:{1 Mbtor-driven inje

machi nes have increasingly been used in recent years, in which a*1§&6vo

notor i s used asngags);bsn-ia INENTION: hydraul i c actuator. Operations of such
i njection devices usi Eg@ser vo notors are summarized below 15 A screwis

rotated with a ser viNdBEIIONor CONERPELING | METHOD pF&Rti AN atNIRCHDOYr i ng
process. The s thin a heating cylinder. Aresinis fed
from a hopper ﬂﬁl\é\b "i%r'\ﬁ%@}ﬁ&?ﬁ of the screw in the heating cylinder.
Rotation of the screw nelts and advances a certain netered anmount of the
supplied resin to a nose ortlon of the heating cylinder. During 20 this
time, theSscreBAG ‘ EINVENEON:e (back pressure) of the nolten
resin stored i on of the cylinder. An injection shaft is
directly conne g%fg?%ﬁ}\%gﬁlgénd portion of the screw. The injection shaft
is rotatably supporﬂ’eﬂ msanmneesrstmneetmltm'@ amr*mtgimnacdmmnr@gmeiﬁitm farjegct i on
shaft is driven_.in.the directiaon 5 for injection
That i s suppor ACHT THESTBREHH B8 ard: vore et iignl t 3 B BhveltEinear o
and backward algsteod¢iuiteblafos mdlding Eroaselel Kavile a apedIPfhigkneat. t he servo
notor for injection throug_&a ball screw. The above-nenti oned back pressure
of the ndl® en Resicriptien gétha-Relpted Alsing a | oad cell and is controlled with
a feedback control | i I

*coooot 2 Then, HW@BF dﬁ?ler‘rf]‘”iﬁjéctggerﬂgﬁ lgrﬂgg?lg'géﬁ?léé‘ ﬁ%é’élﬁ%Q%ggg’n%gg by
driving the senrvceomt gearfsorn fwhjceca sarvo midier |acn$ed|casra sobstmthtetfoeasfwdeawlmrves
as a piston to f rr@ v¥| g nol.t.en.resjn. m)tenre5|tnfll

the space withi&f LEf’HBH:a PERUANS R SERY TIECIHE Vf‘i%sntjs'ﬁgp?%%@s@o A BT s
poi nt, the contsygimangsd below.he advanci ng notion of the screwis swtched
froma vel ocity control node to a V(Ig_fure contr o] de. This switching is

referred Yo as a "VA\RIBY fsy)ro*ta(ge A BRI KT n§eTeh dORIPBCHS & he
quality of reﬂﬂléﬁmzdmln%ete%rntgl 9&&%55%%@%@%@1&%(&%&}@@' A%nedtiy

resin within the nold cavity is | owned 10 to cool under a predeterm ned
pressure. This 9yfingessA T§S|H’éf5ef|e|defﬁom@ BAPRETIRET reaTPQstieR ©F she parqvhinsthe

dwel 111g Proceianhfe, RIS Wtaliln Sfife ERWinkRs SRALLOASH 4 Peitllf rﬁ&%ﬁ%ﬁ“
control loop as 1n e ment 1 oned K pressure contro
i njection devi caarnomtmfrhise sopmlfeei @BMla:mmmmmbmrefmehﬂﬁimgwéedeﬂ@mrigar

the conpletion f the dwellin S i i rfom;an
ej ect op tior P&W%}tgstsfhedv (% ’gég&gé&”& 825? ésgs&? é @g?({kﬂ%egs ngf tl%% %1' Fel
wi th ‘the pl astirespastonsd imetherriosg gsxrrbnreséthel cylinder. EJ ect oper ation, the nold

is opened to renpve fhe sol.idified ct fromt nol d an ejec
Imechzlgni sm and th\én m'énjl%iulan!sgg % # rcof‘ﬂﬁc‘t?fj Pl?\ée?fr% %Q?m hg’%ll

known in the ar§ore\lvnﬂ%tlh n@@@hé@hs ﬂo&t@@l&fs@bﬂﬁﬂed Bytdherekslilel matedieeegs. T
he injection control shou be ch an%‘ 4 dependi ng on the thickness of an
fis gri

article. If thed bapm.&he@aﬁ@m shy Hem ub@emwl%ﬂecmbmg SETVaImRior
thi cknesspi s angtifidclid, s gﬂ%@ el of th) f@]rgeﬂa@“rﬁleﬁwe@s@ﬂénal%ﬁe of

problenms Wl ari r ‘exa ththe cat’ion of such 1njection
control 25 to trinevenfaivagd ahdévatchwardmllodg@ede betseln raapm@sﬁhee:nweﬁmr e

ted to th ded ti te fl d/ i dual
\ﬁ/?(ne(r:henayoresﬁl? *ﬁe%ﬁé@??%mﬁﬁgfqnﬁﬁﬁgﬁ? acp%*ﬁgrgfeo% V%taWSn ‘5&% ure
exerted to the paldekaiire dranshavkeh basin @ﬁd’é%bted‘i@wyﬁxﬁg d frdcesvent iignal

injection control nethods cannot effectively reduce the pressure suddenly
because the 30 emntiatienh witaeelsedgacirconirelyiosp, enaviheedascabedmer inmetatr ew
IS snalleéoln thq dmelllng process than in the filling process. 3

I
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Therefore, an object of the present invention is to provide an injection
control nethod which is inproved to ensure wei ght and di nensional stability
of a nolded article between adjacent shots in nolding a thin nol ded
article. 5 The present invention is applied to an injection nolding nmachine
which carries out a nolding cycle includinga resin plasticization/netering
process and a resin filling process. 10 Fig, 1 is a viewillustrating a
schematic confi gurat TpRnokh 2Ry SRIELS, theipPedsiupd phd & étﬂ/awaé@bp%;qvﬁig%e 2A
and 2B illustrate an exanple of” a conventional screw traveling veloCity and
screw posi t,i onssatvonmiotdr fohénjsctionw Thanese porticsl ofctheyscrew searaseals afiisten 3A
and 3B il ust ratte ﬁtn eX@rr\pJ e,E of a.,screw traveling velocity and 1S screw
positions at vvhi%ﬂ fHaeg: '@qurwgﬁpﬁasloel ocity is changed, according to a
first embodinent of tihe mpeseRsiH MeRkispBece Wit thdRaemd attBel drldustthatigingn
exanpl e of a screw traveling velocity and screw positions at which the
screw travél i ngPiesassi At this peinkrihe gontieldoeds faj the advanciuhamotan ofitheesarewf

the present inv i Qn; i g. i: .
traveling vel oci %ngaeégrrogﬁwgpvéeg?('lfdlyloénbgﬁlerao? s |%Lb ?@ggcﬁg\%fop ?rgf/@'[oﬁgg This
velocity is chasgédhimacizoreférmsgd t® ag 4 hi"Wd(verdeitd) te Rt (poésdure) pwitsleing" and
invention; and Fig. 6 is a viewil])ustrati nodi fication of the

enbodi nent in Fiaggc§. t_hfﬂﬁgcﬁfll\#ﬁf Wt@agﬁagﬁf%ﬁ?ﬁRRE_D EMBODI MENT: Ref erring
to Fig. 1, a notor-didgigRiddh8o-PawitBRird, it PRADWARINIte A5G EhPRAsWIbRRd
conprises an injection device operated by servo_notors, for the purpose of
facilitatilfg t hdo pegérsdanaiprgdeterminedpeassHee.i APIosASS Theefermpddpiama
device rotates 1 an it Lt tati.on [ .30 a
servo notor int ngeqlllﬁlggér{c’érr%ti ﬁnnq{”ﬁr%\gglﬂ% %g?%sgctbgw&taehgwgnﬁtw&Ir%&Ei b 1,
rotation of a seowntroifetdn the feedbacdk eonirohlaop &sdnsthet dleale-meatibatd bexkew
12. The nut 13 is fixed t? ﬁ pressure plate 14 such that the nut 13 4
advances and i s FF8F¥HE(RGP response to the rotation of the ball screw 12.

The pressure plate 141'He$1,ﬂ%\flﬁl%bﬁorﬁbéﬁge estighe tO &iesplabtickadiohBnaetial précedsi xed
to a base frame (not shown). The back and forth novenent of the pressure

plate 14 i'® trafdidrihegcemrictionr et dyeling pERRSSTy v Mad | JAPEE deyige and
an 5 injection 9 =3 IrSei it i & hd i ;
oyl nder 21 suct ooy pry S SeHicH riaig & SAG ML STafie Bl iy
direction. The treselieigviythenplesticizatiaymetyrtiediegesd tmihereiaet graretion b t he
screw 20 is eq“'rHBI‘aqf\g‘Ptegﬁ&fté‘P&HSLe%?eé&fdiﬁe%eﬁ‘r!o%cﬁfr&%sthg-m@?gf ’ﬁ]g}é&&

notion of a servo no or screwrotation is transmtte

i njection shaft rh8charism, 20d thempthienmoitbistndoseBfoc tmgpfilisg@radessf or exanpl e, a

bel t. and apul L ey. 10, SLISE 151 ADSOREUR L AHATE DS Al ST ol
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 mclded 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.



driven by the servo notor 24 for the screw rotation. In the

pl asticization/ metering process, a nolten resin is stored in the heating

cylinder 21 at the head of the screw 20, that is, on the side of a nozzle

15 21-1, when the screw 20 is retracted while rotating in the heating

cylinder 21. By advancing the screw 20 in 3 he heating cylinder 21, the

. nolten resin stored |n front of the screw 20 is filled in a mold and
pressuri zed f okt NIy upon the resin is detected by t he

| oad cell 18 ' f o T t
Toad cel | amplifer 138rAt § tﬁsat SR SR ST fo plo iR apghiBguK °
posi tion det er@ﬁtr@VmbﬁwdﬁWﬁI@hQﬁ'n’hﬁrd\)é@ tBIRSSHE wetdrmtaﬂdleﬂrmfe%wet Sty an

anount of novenent of the screw 20. A detection S|g1 fromthe position
det ect or 27 |soémmlﬂeécarweahetwapmuaﬂia@entzshetﬁdn| dingre Buppraleed edial@e

controller 26. The t . I r,

servo 25 an°p| ifier sc@% 6r§g£§{jn8€'ﬁ#ﬁg %D iﬁgtﬁél}’ '@%@%‘gmqw@ﬁéﬁg%%ﬁ%%@
for each of theanmsuns sefoldiygapclepatiativg. a fdwn eerswozzaﬁmt/rﬁeternéarm‘s‘sr ols
an out put torque of the_servo notor 11 by means of controlling a driving
current for th8NSé RESIMENIBE PIaCeSPhe servo anplifier 30 controls a rotation
speed of the servo notor 24 by neans of controlling a driving current for
the servo notor 24. The 30 _Servo nDtors 11 and 24 have encoders 31 and 32,
respectively, B '.' ' FRWING ”e rotatlon speed detected
by the encpders 31 2 are Su e ntro er .20.

by Lhe, encggers 31 el 22 41seR histae SRR S ofka oef afesric
sinplicity and”@gﬁuenm@ngﬁ@rﬁﬁgﬂ@&plf|c conflguratlon of the injection

device is described _in, for exan&é , Japanese Patent Lai d-open No.
9-174626. Ref erri ngFigs. BAyand 2R ilysiraie anexasmie st eaeaventioraliscesw develiog

Vol ocity and o eePalpacilyyRasHonES A ARR e ludeiio Sloa I hes:

process follow ng tﬁegqolsasamutBBaﬂwsjrdteeheeanngJIplocbamewyratvben@mellocfty thel
dwel |'i ng prpcess The sition and,the.scr r veI ocity are
previ ousl yl¥et @?rr‘ﬁ“h@ﬁs'?ﬂ”? GI‘I)WEICh PSCERY NG e Qﬁ'bwﬁ dI{rér
specifically, aafrevmerRBobindertlsT thé presEdt irfvanabhng vel ocity of V1 for a first
segnment fromthe beﬁl nning of the filling process to the tinme when the
screw position reachis. 3\ amhéBlydigtoantexample cAa serew Faxeling velerdeang of

Cravels at o tPaod P ogo0T BEr TRl radong VelBlt SenahgE At o
positions S2 ande88ndAmipodimtantof 8& present IinI/Iahtrrtgt 15 pr ocess is switched to
br evi ousl y201 ven toFhe LRLFRI B SHPA BLERCH TASAN LV PSR )

The control | erﬁ@@xtn@ﬁ@%ﬂt WricH e @Iemtav@gn@t/elbbﬁyM@ﬁgteeaéeééramgvela)%w in
accordance w t he above-nentioned settings and a detection signal

suppl i ed from EAROEEERDT ohthearesemtringantioppanrg Fig. 2B, the rel ati on anong
the positions at wh I <
S1. If it is deter F@;ft g;%c?/lglenﬂﬁu%t?/aﬂn; @'&ﬂ‘%%gbﬁ ogr,Pé %rﬁlb?)ﬁhr@gwgﬁ F;%th t he
screw 20 is retracted duri ng the fi I l'ing process The controller 26,
eeert o2t S BRSCal b B SEELARRE SR AE RLRRRISE | "L S0 | 2o
process, as apparentqeffém Ftcg FI%@A‘I H‘%’Idt@ﬁéﬁﬂeﬁ hﬁje@%rﬁ%&@nd m&HiRetigd is
to avoid defective nDIdln inctuding flash, by neans of reducing the resin
filling pressudescritas whjobcidroprigasnan jedtionetevine eprsatast by BgyoaBOBIAri n
Fig. 2Ais

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 aservo 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



typically suitable for nolded articles having a | arge thickness. After the

30 ‘conpletion of the filling process, the nolded article receives the
pressure- of the resin. For the nolded article having a | arge thickness) the
nol ded article contracts significantly after the filling process. The

application of the pressure 6 to the nol4led article during the dwelling
process can conpensate for this contraction. On the other hand, when this
i nj ection cont raalvansesized i§ oetratiedrimirels punsef toathehotationl diettheatsall strew an.

andi or 1 os, duai! A RIESSUTeLRFEr iy #1015 SAGq BRlSd SATHS DO BT ¢
Therefore, the, Taeosasﬁ'érf?arﬁégﬁét%fﬂwo%&.t & eBUReh lo%Svérﬁ?P{ gr i e;?r%@@ﬁ%d-
iona t uce

However, conven injection control nethods cannot effectively re
t he pressure sydsterdyistheraosted teea savevniitnvtar abelring Wekdoad yethri 8t bed an

T ng- pribcesdTIeFRoOBeRER \ior 88 o rd eastitpee el Rayfegne samder 27
thi ckness, the Ji@§itRal heCtewars RActA88le Md Hwabxeaqn%@!dxw%ﬁ%ggﬂf TIRSI N

is required to be supplenmented, a large resin pressure is app
conti nuousl y t daatisgneylinder drlt cemresporging a4 e rearpggion3af thel seEw &l is

i njection contrgl . met I first i t the present
invention is det Wr%eéjlt}ﬁ Q'E)gi@%’gt ?g}‘ﬁrﬁg%@pﬁ g 'Jggﬁﬁd@{%) @gétﬁg'nggé%oaﬁ&e&v T he
pr eslent i Pvent irﬁ@to:r524a|ﬁc§ﬂ ‘sﬁéwc \%tatia%mﬁmradsinm itasnjtiea@tixhjet‘.ttidsmIstbhbﬂ@n3 gaghiae
simlar, for exanple, to t ich i owmn in Fig 1. In.Fig. 3A
feature of0 t hi SOMRHBYMAAPEN ?Qm@%seéis%ftsg’ﬁ eyamgl%tqgg%l%p% aZR)UI%Ne IE‘&tEW 20
in the latter Rabdisofnd S@eliidd tdiatlracesssrahat hd Rfedtibhlshag 19 RCREStidrS
switched to the dwelling process. A shows an exanple of a screw

Fig. 3
travel i ng vel odirivendithg sriyempes?4 ?@'r‘?heéé}r%l‘/f@ﬁﬁ?ﬁ’on of time, fromthe
filling process fol 'lﬂ%@%léﬁﬁiz@ti@ﬁiﬂw&bﬁﬁé 'tp?c%é?st, ‘é%@%rﬂ%ﬁﬁ%sﬁoﬁeé B the
he Ing ve

dwel I'i ng process. The screw position an screw trave ocity are
previ ously det eraatimgctyltmdén® if atike begarefithe sesew ROwnat is, Bn ¢he SBe dflarmozzle

specifica , t screw,20_trav f ravel.ing vel oci.t V1
fgr a fi ri yseg%ﬁtw ?Bﬁ'?? ﬁ%reyeéc} %r{faﬁé&g@q‘frﬁ% ’sﬁt“f“?ﬁfgh}oer@%aéﬁ‘é @(ynﬁﬁg%i e
when Ithe scrlew @paav?m%g mi’tﬂf ew2D.in Thehsatireedidder 2vehs rfﬁ@remrediraﬁtoged g
traveling velocity o or second se nt pbet ween t osi.tions, S1 an
S The Scr ew 90 TaragEie soruanis Betin S08 e Biad Ca B Angs Artgrcs,
third segnment bgitiwgaibdr®eResintis 08 cRE MNheTSad £hIl $8ia8 =Sicictian fdizeOPRiat i on
to the conventional control nethod. A difference lies in the 7 subsequent
operation duri reS'RRCEIPTEREIE T BWPIIEDRY R RA eelbampifter £6tand iathemEupBlsd i on
S3. In thbg enbedi ?_gmouetr%.retracti on is made for the last two segnents
|

(i.e., fourth and fth segnents fromthe beginning of the filling
process). The 5 scr efvpReitionsetgaiomicikedadhed tatheraessuraglaien ddongetsttingt f or

the fourth segnent b Lt . : . Vv .
backward at a Fgﬁéaoﬁhggﬁ'gpg%ﬁ?b{ gﬂﬁ%@@%.ﬁé qe;{-?{iw%gsré@'}%ﬁ?) n'&g}%v\ﬁ%sﬁtlon
SOS: Iti ons 34 an@ietéathorﬁm P@SeirhbumadSBy atrhhem‘p'liﬁéi 23 an@deaﬁehﬁs@gliédm{mm@ t he
wel ling process. The re i on anpng the positions at ich the velocity is
changed | 5 typi €4tTgleRsS s3ne captielasecsipsliesa cuggnt (oraHel FRimprBsiteEe o
settings ag desg&ghﬁé}s@@% 30 BBpéhdThd 8n Me WHb AL NIdIRoREE B estBE FaCELA t he
screw 20 begins is determ ned according to the set
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 rotaticn speed. The rotation speed detected by the encoders 31 and 32 are

supplied to the controller 26.



~ position of the screw 20 by using the detection signal supplied fromthe
position detector 27. 15 As descri bed above, not only the forward novenent
of the screw 20 but al so the backward novenent of it are allowed during
certain segnents in the latter half of the filling process, to rapidly drop
the resin filling pressure. As apparent frémthe above, the undesired
filling pressure can be reduced by neans of the maximumtraveling velocity
or the accel eration Mg abtedhealthe cyreigiratiomiiLstratgdrindig ne ih#s thd Bake of
provi des the advantages of avoiding any flash and of reducing the residual
stress in nol desjm@h@l%ta@%cm\m@@- Svapecitiqrendigasation of the ingchen dexicetine
nol ded articles . : I i I th I Q when t he
screw 20 is retdr%ylgggdﬁﬂbhgg%wgl%\e\i\%??bﬁggg\rgg%gsl‘s' '8 g@?ﬁ?’?ﬁi%‘?%@l ). On
the contrary, in theRpfeesedio Rigse2meddb)ta comeertiohainidttion dottioheieddoahi | e
controlli\rllé the velocity or the position during the filling process, so
that the wei ghtis&sgciined.diite 7 sicws anifxample el aaarew| tiayvelipg velnmdty and a
Next, referrin j 4 : [ t
mvent | on' 1 s deerpRdeiaf e atytBiodof ARy HoRTRASIR pBbel I FURNRE Rig
st oppi ng t he scplestidfatin/metesingpnecesdinyithg endef the dweliing prafesshdhswsceaw 20

achi eved by two_or.nore,segpents, _of .th atiqn, .The.tjinin en, the
operat ton Lo stBIdRegt PRro8 Db e R A R e o B TR TR S e
predet erm ned pegid segmehtstdiesisowein 20, 2BPMoreppeciicaldy, Isyrev RO tEsfa2S
travels forward at a traveling velocity of V1 f?r the first segment _from
the ' begl®ni ngrayelingevelpeity ﬁgvarf@&@s&mt segment frrE e hegeing-pethep®ing i on
reaches S 1. Th t I o j | ggi.t f for
{ho second 5 SeSRFeRarnan RL sl B BE P bR EhaD S o T2 2l <
forward at a triasedlsnat acraEling wilosy POV i alseapndegagmenbbetwesn the
positions S2 and . JThLS | o et el i,m Lar_.t . 0 l.on cribed
in the first en%%%?%%gh%ﬂgﬁé; fﬁ% sgféervée’%lﬁé@vggsg?tnagtr%gglbnego \(r;éels ‘%l c?%gsg "The
posi tion S3. .| ntHirdi sedferttbetdicepnttl ddsitionst 8AenidoB3i Atgdasitiom88, fhar filtihe

| ast two gnents (i.e.) the fourth and the fif se nt om t he

begi nni ng?gf th%rol‘:f(':‘ls? a%&*ﬁ#@éég?@% g’f“ﬁﬁ'”Qt%Wﬁe&%‘?isﬁ&$?g§'e%§tseh@%fﬁﬂ of
each retracti ngtheegh® ard\predidi@hpbiventtbensd epamoiRd} 26 ﬂ#@b%h BaGkya ¢hipssa
traveling velocity of V4 for the fourth segnent between the positions S3

and S4. The scr€i82d)+ hEre S0pH8!I$0RE Lantipds thr switghingsofriheysciaye tRysiing on
S4. After the e i I; v | r LW; i travel
backnar d at a ¢ auET T SVargents it Bl Boove mirPRnBR MR, BREL rktioh
position S5. Fusighelsupriedtiremdie pastionstedpdofdr. a tine interval T2 at the
position . After the_el e, of t] ] rval.. T2,_,t LLLin [ acess
IS sw tchg to the dy{kqu.ﬁﬁgﬁ,ptpgcrgﬁsagﬁmr%rggpéFg?ipoo%hg;r%nagt \p]ﬁggﬁhgivﬁ one At
whi ch 20 the vetbanded istypiballygedSBs §2 i 84l Ifyt inde8mineslasciSdntallybas $252.

Referring to Fi 5..a,.third enbodi ment of .t.he present .invyention is
described. The %éaﬁ g ethé MEANS “%?’?‘gbais_ﬁﬁwfzpés éetgﬁ’cgﬁgidbxf'_ng_ttgﬁgihﬂa RAEESr ew
20 during the | shbedorhdiibr 26, hbRelikt |diemmnes esst thENgettih§ISBisVER inddresct
operation to stop the screw 20 begins is determ ned based on

predet ermi ned ptPiut RBH igmeres thaeeting &d @%ﬁaqur%mwé&rﬁﬁ%iagﬁr%trﬁ@dsiartbw 20
travels feogwar dg@fenﬁngg Fﬁ‘é%%b,ngs‘é?g%?éﬁ%r&ﬁ r-*(%. bar the ré%éc'?ﬁ HREIERY 2hrigm
Ss to the tine wh

t he begi nning of the I'ng pro en the screw position
reaches Sl1. Therstcacied Rototavaicetsfetiveanoiings actuding=lasing by ehearist of refudiBgf or
t he second segnmgent between the positions S1 and S2. The screw 20 travel s
forward at a tr ﬁ%%@gé’éﬁ '8f V3 for the third 30 segnent between the

positions S2 and S3. THei jdcioROsBHe @lakedi dR ki skRingBeaBREWhiiRFigesarisbed
in the first enbodinent. °~ 9 The screw 20 then stops for a tinme interval T1
at the positiontggsalpf seitable for molded articles having a large thickness. After the
30 completion of the filling 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



the el apse of the tine interval T1, the screw 20 begins to travel backward
at ‘a traveling velocity of V4 for the fourth segnent by the position $4.
The .rel ation anong the positions at which the velocity is changed is
typically as S3 5 <S2<S4<Sl1. It is noted that, as shown in Fig. 6, the
screw 20 may be stopped for a tinme intervalg T1 at the position S3 and begin
to travel forward at a traveling velocity of V4 for the fourth segnent by

the position S4safeemoldy §h@P§§uﬂrﬂ? e ddifhg gmégélcaﬁlco B@ns{a%ﬁlbf' s

anmong the positions at which the velocity is 10 changed 1s typically as

< S3 < S2 < Sl.cdrtradlienscrew 20 advances or is retracted suddenly during

the latt hal f of t il , Voi i ted ipnto th
ol ded articre to proe el SRR R Bl RS YeRaneh i moldng "
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" 10%@ () - SIOW@grgw)enﬁgegv @the poos%@ﬁs(é1 an %%/@‘T{wg screw 20 travels forward at
a traveling velocity of V3 for the third segment between the positions S2 and
S3. This is completely similar to the operation described in the first
embodiment.
Next, the screw 20 begins to be retracted at the position S3. In this
10 embodiment, the retraction is also made for the last two segments (i.e., the
fourth and the fifth segments from the beginning of the filling process). The
stop operation is set at the end of each refracting segment. As a result, the
screw 20 travels backward at a traveling velocity of V4 for the fourth segment
between the positions S3 and S4. The screw 20 then stops for a time interval
15 T1 at the position S4. After the elapse of the time interval T1, the screw 20
begins to travel backward at a traveling velocity of V5 for the fifth segment by
the position S5. Furthermore, the screw 20 stops for a time interval T2 at the
position S5. After the elapse of the time interval T2, the filling process is
switched to the dwelling process. The relation among the positions at which
20 the velocity is changed is typically as S3 < S2 < S4 < S5 < §1.
Referring to Fig. 5, a third embodiment of the present invention is
described. The feature of this embodiment is a step for stopping 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 §3. This is completely similar to the

operation described in the first embodiment.
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relation among the positions at which the velocity is changed is typically as S3

5 <82 <84 <851.

It is noted that, as shown in Fig. 6, the screw 20 may be stopped for a
time interval T1 at the position S3 and begin to travel forward at a traveling
velocity of V4 for 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 < 82 < 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

15 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 moiding

20 machines, and also to other configurations of motor-ariven 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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we WHAT IS CLAIMED IS:

1. 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 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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A method as reCIte in claim 5, said method further comprising:

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 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 contro! 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.



