; e3e0j j k<mipno oF TITLE OF THE I NVENTION A CONTRCL SYSTEM FOR AN
I NJECTI ON I\/D_H ,@MMMAND A METHOD *FOR CONTRCOLLI NG THE | NJECTI ON

MOLDI NG MACHI ND OF THE | NVENTION 1. Fi el ntion The
present invention-*eserally relates to control systen%“@@mmmm“wgmﬁon
nol di ng machi nes and methods 10 for contholling the i i ng

machi nes. Mrre particularly, the present “invention rel at es6®§2*a contr ol
system for an injection nolding machine perform ng a nol ding cycle
including a fififﬂHJg@rgﬁﬁstﬁﬁNkf%Nh0|d press process following the filling
process, and olling the injection nolding machi ne. 2.
Description of the Rel atte@ONFROK| FYITEMaROBXHN atatECTAONI MOLDHENGi ven of a

nol di ng CyC|EE(§Aéﬁ}NEnkﬁﬁtA(Mk bd%aﬂ .dﬂiINﬁofﬁﬁifﬁjﬁ¢f% Blasticizing
process, a netering process, a fillrng process and a 0I8 press process
in a case of a MIIPINGr MAGHINE1 | ecti on nol di ng machi ne as an exanple. (1)
Plasticizi@g process/ Metering process In the plasticizing and netering
processes, "a servo-notor for screw rotation rotates the screw. The 25 screw
is |ocated w tBACKGROUNAt ONQTHY | INVEETIOResin is fed froma hopper to the
rear portion of the screw in ihe:$e ting c¥linder. By the rotation of the
screw, the resin provided foethe BOYERBHPDf the screw from the hopper
is melted and a given ampenprébeieahnvientied dendda 1y peenebe3dof the
heating cylinder. During this time, the screw.is retracted while being

subj ected to acckf&cq?lp%g%‘?‘%,fc}faﬁ'é‘p?c?h%n AL REem3F R iR émdr BEFpods

accunul ating atos heritirs1 €06y ofnd hejBealbn tnadingdRkchine Atoigj ect i on
shaft is directly connected to a rear end portion_of the screw. The

i nj ection shafRais GBRALAD| TS MFFSPREAIBYEH-I9Fes8brEC DIt & CRPSEGRM a
bearing. The igy&chi ¢8rSEAf infeetdbhvRBLAIhG MadRthel péfSttingnaby a

molding cycle including a filling process and a hold press

process following the filling process, and a method for
15 controlling the injection molding machine.
2. Description of the Related Art
First, an explanation will be given of a molding
cycle of an injection molding machine, comprising a
plasticizing process, a metering process, a filling
20 process and a hold press process in a case of a motor-
driven injection molding machine as an example.
(1) Plasticizing process/Metering process
In the plasticizing and metering processes, a
servo-motor for screw rotation rotates the screw. The
25 screw is located within a heating cylinder. Resin is fed
from a hopper to the rear portion of the screw in the
heating cylinder. By the rotation of the screw, the resin
provided to the rear portion of the screw from the hopper
is melted and a given amount thereof is fed to the tip end
30 of the heating cylinder. During this time, the screw is
retracted while being subjected to a back pressure, namely
the pressure of molten resin accumulating at the tip end

of the heating cylinder.



5 servo-notor for injection that is supported on the pressure plate. The
pressure plate is driven through a ball screw by a servo-notor for
injection to advance and retract along guide bars. The foregoi ng back
pressure of nolten resin ,is detected by a load cell in a manner 10
described | ater. The detected value of the load cell is controlled by a
f eed-back control loop for pressures. (2) Filling process Then, in the
filling process, driving of the servo-notor for injection causes the

pressure plate fo 15 adyanggiboct i loioht 60 eldtyanA,pLdl oy th t he

screw tip end as a piston. sin pressure at the ew tip en t this tine
is detected asrear iendepbirbhopras diree schaewt heltendngecthen fshdfitngspr ocess,

the molten resj i) ' f th \ a int,
advanci ng not i Bﬁt%éabtlalegggﬁée/‘\%v{%da% eé §\5mg?‘lé‘g€en§l§%gv¥éﬁqgég+% acié)o%g r (g)ggt o]
pressure contrthe ifycktsont stafig ief dvéleri iy Wentxdhl tdiprassnr bycantrol is

f d V-P swi t chi d affects, the quality of th | tant nol ded
article: (3 T HEsE pPOEcuT S5 B FOUF iy ORPPULESLA g, 1 ho rosi n

W thin the cavhtessifret beag®l d THe dlrkewade tPlorolisuadevern fi@sgh Aressure.
This process is referred to as a hold g{gss process. In the hold press

process, resi PPreSSIRY P¥ RoMTATREON tHF EEEBRCK AHATGE PBOp as in

the above 30 nestdted1B8agKgRI &S Pare . CONhE Ofordgdial bikieGd«@RuaBpat at us of
the injection nol ding machi ne, when the process ) is conpleted, the

achi 3) .
control systenfYHen BESEDt HS tIREGSEEESRY ¢ 1)0ach@edhi LR 2 RRNNEX3 { he

succeedi ng gl Qi iHel BathP. @ THY dethbai®i NghRRPAFatHS Rfad RR1NNjECti ON
nol di ng machi ne, concurrently with the process (1), the nold is opened to

pernmit an ej ec¢RturEdiRENPEN? t TrafSakkr gen B Mol PRy TBF RERISWEFi-ng 5 been
cool ed and sol i) fd;qdingngd-LMedy the nold is closed for the process (2).
Meanwhi | e, for injection nolding, nmeasurenment precision greatly depends on
the profile of the resiFhgrestureng filléngi Pro¢rpsandrhvitg prlesdhepr ocesses.
For 10 exampl e, _ )0} e nuf ur.i i 0= I l.ded article,
due to differéﬁ?gg)gF&?Eef§%5| Q%?%@éu%%@%ﬁgfﬁg?Pégg%%égéggtgﬁg?ching in
parti cul ark5 noddirargedebefi sl pheliememessucints aamehdr vithothe sicmky f | ash,
war page, and the |ike _may be generated every so oft 5 Ther re V-P
oW Lo ng posi LHbIT e BB T oo RN P 28 Arnghe TS Sresedetti ngs
and the |ike astnilidi ngmeonsli detersednasr geritjequienepteddhereabove nenti oned

nol di ng defects phenonena. ,An operation for,the above nmeptiaon settings is
cal l ed a nol di ng conditir}%nt § %@fé%%ﬁ%gtFé%@lW%é”ﬁﬁfﬁangg% ﬁ%ﬁ&n

determ nati on resiapmillex hecarissy blfetaboxel denatonedt sediritgshenf | uence
each other, Hence, aonly the "hold press settings" and 'tine settings" are
Hoed as 170 MOr ARG SEENEPE SR (P B oLV a1 s TEpPBLEL s and
several val uesceftrtl pHEPSYELIAY @ohtods therhehdtphess sRtidlagsty For
exanple, in a case where the resin pressure at the time of V-P switching is

high, if the hoPRF4eds BFRs¥in% ORI Ohake TR TFEsih Preds e tFBWY s set

as a hold presghsealffeddsVahélequdiN@ySeEevhs eidsANtant HAYEYR! .arithic38.t he
retracting speed is not controlled, as described |later, there are probl ens

in that the noldediodtt PEPES|RIQERFSr sel y af f ect ed.
25 Following the V-P switching, the resin within

the cavity of the mold is allowed to cool under a preset
pressure. This process is referred to as a hold press
process. In the hold press process, resin pressure is
controlled with a feed-back control loop as in the above-
30 mentioned back pressure control.
In an injection apparatus of the injection
molding machine, when the process (3) is completed, the

control system goes back to the process (1) and shifts to



-4 FIG 1is a viewfor explaining the filling process and hold press
process of the nolding cycle when a conventional nethod for controlling is
applied. Mre specifically, FIG 1-(a) shows a profile of 5 injection

speeds in the filling process and hold press process of the nolding cycle
when a conventional nethod for controllingszis applied; FIG 1-(b) shows a
profile of the resin pressure in the filling process and hold press process

of the nolding cycle when a conventional method 10 for controlling is

applied; FIG 1-4@ ssbeusdendm@flidiegoby@SCr aw Rosbld Gfanihial i S the
di stance between the tip end of the screw and the end part at the nozzle

side of the heat3RFrEFHFnaerthe AnIRETIPR IRNGLHH0RRSRIRMI WECHTFPRELY process
of the nolding qylcehettﬂ/eear@c&ogwtqntl enalmdiet NQd obend@re s atkgk! LAY is

applied. In FIG. (a) , p05|t|ve injection speed represents an advancing
of the screw ancﬁj@g@m W@Cli@f}leﬁ@t itends pelear Iepr #9dAing uasucachangnef t he
screw. As shown ddu o da (Bl Joliagemuenl L eneANtie fudid 3 segUENL 20 of
pressure settlng |n t press process Is Shown as an exanple. Contro

for the hold prekgf¢h@cessc¢$3ﬁ€ﬁforned based on setting t he hol d press
pressure Phl and tine t1. %ﬁmzé'”f%%t& Q%”im%hhs EW A %%gnges as 25
i end o

showmn in FIG 1-(a), and P ance be e -Screw and
the end part at gﬂmw.lscmnlgreatd@ okpthés I“naat*ahegpcryfthelerf itheshost®ned, so
that the resin fills the,cavity, S_a case where the

o o Cner er ke S i hO T diist PR TR ateen ot n

conpressed hy aegaat@lef ifea seisRWolfi pagnthdtSirinjyest et ri-aQ 1bbemeydd y of
the nold. In this ca ven if tEﬁr ressure f the, screw head, part is

changed in or der*idS ﬁan 2e (i He pesy of pF%%%QHQ¥Q%§uFﬁe3H%Td press

pressure processafdete th@Sv+p idwiltheiagvid )@d&l%@'lgﬁm hdlfd igneedeots r eact s
excessively. In a case where the resin pressure at the time of the V-P

switching is hi gHieNAAER3L BECH iFSs@ RBPEL pHts 518kt tFifPival@EPREesei™So as

to reduce the regd 1RkESHEY De ?@ge;@gf@av &RirAgbsorddal is, a retracting
speed of the screw is generate Particularly, in a case mhere there is a

bi g differer€e between t hEhPES|idH HVeSs Gt IRD@OSILFROBFSTHENISP swi t chi ng

and the first holfdpress §6ddd %t%@n%é‘l U R oreds §mdsnaﬁdpéﬁé Like
surrounded by a dotted line in , the retracting s

of
screw becones tu%ﬁwmOﬂﬂle@ecqmﬁuty@nsngnsye&a'69 Pﬁ@V%%¢éﬂﬁbég@Wes hlgh a
negative pressurn?ed S 08881 hethity Haeeapl dofRhd, Aﬁn 63450 1%01!‘ N an
adverse effect on t e nolten g% n, ?E é%%ﬁ as the g éyatlon of avoidin
the nolten reSIrﬁbqwaymbetl¢Nﬂd(a¢tt$nu$#ﬂ¥Y03§I§HEalm@&ﬂ¢ﬂgONOAd¢bI@mngly, it
Is a ge”era'zoOblaee%[er%E LPE.20. %%Sﬁ”_‘tdtr?% g}nd%lBR RL QLA a%l ﬁ"agé and
useful control sys For-3h i njec RBChi ne an fo
controlling thecxmmdeklbacanﬂaﬂuM@ ahohwrmenﬂu@nwﬁlshttwngsaunﬁmuencé the
pr obl ers descrlkgg% W&r afeﬁedééﬂ gg&y the “hold press settings” and
“time settings” are used as the molding conditions in the
conventional hold press process and several values of
25 pressure are set as the hold press settings.
For example, in a case where the resin pressure
at the time of V-P switching is high, if the hold press
pressure that makes the resin pressure low is set as a
hold press setting value, the screw retracts. However, if
30 the retracting speed is not controlled, as described later,

there are problems in that the molded article is adversely

affected.



Anot her and nore specific object of the present 25 invention is to provide
a control systemof an injection nolding nmachine and a nethod for
controlling the injection nolding nachine, whereby after the V-P sw tching
is perforned, in the hold press process, a retraction of the screw at a
high speed is controlled so that the 30_peasurenent precision of the nolded
article can be inproved. -6 It is also an object of the present invention
to provide a control systemfor an injection nolding machi ne that perforns
a mol ding cycle, the nmoldigng; cygl e JiRGl wdbngydy fiidihigngner peesiqp for
controlling an advancing notion of a screw of the injection nolding

machi ne, and aPrwsiaspragshpldawesst proeedt rd [thegmal dirg sicd eovhan vl t en
resin after thgfidddiplaPrAcaRs: sbiecoRBLoplisy SemEpnRy i sing retracting
speed 10 Iimt nmeans for limting a retracting speed of the screwto a
predet erm ned retracti nifospeegetificalygl, uEIGS tler(aa phewsur epwdiifleobfin t he
hol d press .progcess i C r ) f j ncl.ude: pressure
detection r‘?eanlsn]feocrt %gt gé??%%ele{l %@%dgggf%r?igorspogrgégs%ﬁaé%%g %%sega resin
pressure in therdwdsd pfeske prdcdsy; cante syjesd adebvevéntuipmadamethod det ecti ng

the retracting_speed of .the screw _.wherein the retracting speed |ipt neans
20" nel udes: | TITRCOCHERABET ohe AERAS SR ot R i BT RES 1T weBeper & on
anount based othed ddsiat pdedderence thet peEni i@ rbeksacindhoipeededet ect ed by
t he speed detecting neans. and the predeterm ned retracting speed limt

G G EN

val ue; 25 secdndf athom FErleditan & FREVEDS M55EPAL i on

amount based ofbr e&eBdldhd fier eppeibet wern, tihgchokHows es prdiressus e
detected by the pressure detection neans and a hold gress pressure CEjreset
val ue; and 30 &Cit5H PREARECH orthédnifof i iy SHRECPePPHRF G SpEeR ¥19 t he

screw based onyt had isksbwORed alieORnaNBaPt aheamet RBzE1& SdidpeFathen anount
is greater than the second operation anount, and for controlling the hold

press pr esstRatipgs Y1 6pdehe g bR bpbId iIBRCEAB UMD iR PHESE| r st

operation amunt,dessL@daknd Gndlailngs syt I8idie 25 86R0En PRSIAL iidRnggount . |t
is also an object of the present i'nvention to 5 provide a nethod for

control i A¢ anfemjasmitirohl wed dishgrpaéhfine that perforns a nol ding cycle, the
nol di ng cycl e including gkl if_q(aqro§5§§§ti‘9 qﬁrétcrtgghi nge%p advanci ng
C I'n ol

. _ ¢
nmoti on of a screw of the injection ro g nmachi'ne, and a d press
process for 10remrasepithi ay adyaredsgr ef othey smyleweanderegatafweer the filling

P oeees, b IBLIS RIS AR SR, £ ARG Bcr ol agkiy Speed of
control in shown in FIG. 1-(b), for convenience, only a first segment
20 of pressure setting in the hold press process is shown as
an example. Control for the hold press process is
performed based on setting the hold press pressure Phl and
time tl. |
As the injection begins, the screw advances as
25 shown in FIG. 1-(a), and the distance between the tip end
of the screw and the end part at the nozzle side of the
heating cylinder is shortened, so that the resin fills the
cavity of the mold.
There is a case where the volume of the resin in
30 the cavity increases when the molten resin compressed by a
gate of the screw tip end is injected into the cavity of
the mold. 1In this case, even if the pressure of the screw

head part is changed in order to change the hold press



15 the hol d press process begins. It is also an object of the present
invention to provide a nethod for controlling an injection nolding nachi ne
conprising the steps of: a) advancing a screw of the injection nolding 20
machi ne so that a cavity of a nold is filled with molten resin; b)
retracting the screw based on a differeggg bet ween a detected pressure of
the nolten resin and a predeterm ned preSsure of the nolten resin; and 25
c) limting a retracting speed of the screw until the detected pressure of
the molten resin Jeaches fflh‘é? Ml%ﬂ%&%é@ %ssq.{r%s %Ees%,t i 39,30}, Obj ect
of the present™invention to provide a conirol systemitor an’injection
nol di ng machi nghe IGviihg isj ectdaom imil demcedrachireect acéxmBasgvalgcr ew whi ch
i s advanced by a drivinq device sqétha% a cavjt%)of amold.is filled with
mol ten resin, and which Fs®r 8FFadtEd &880 O h FFFFEFEnte B8 We8h a
detect ed pressof echef viReswit¢himplikeniglesiwheandha piestetreyld pedspressure of
the nolten _resin after Ehe mold is filled mh%h thﬁ nolten resin, the
control systeniTondd YPhYC TGt SP1 &F FOrrgUnSt thG 558t PIESPHEE speed of
the screw untithd herewdebeei®th pr essur €s pfa the rgpkieg s@sid ofeagsbes the
predeterm ned pressure. Thus, in the present invention, a lim¢t of the
retracting spettFdt iSh8eRerard s E8dE4CR2 B Yiroldi AgCr¥ndNStEnthAr e he hol d

press process,i$Qq 13t ddrEOMAR Pelwdnt it NAsdnPpEsSsIFOGRS Sk St ime
automatically switched to either a hold press E\r@essure control or a screw

retracting speed @enirBl swikHeinoppectle fewtunesd BrRFadwifdages of the
present | Aentyon,Jidh bEgONRAPLE APRAELNIIARILECLAS, ) o ngndet al | ed

description when read in conjunction Wth the acconpanying draw ngs. BRI EF
DESCRI PTI ON ORLITHEGRAVWKAGS HieGretrpstingismesdopfekpe aftiawg begenes | | i ng

high. TIf the retracting speed of the screw becomes high,
a negative pressure is applied to the molten resin. As a
result of this, an adverse effect on the molten resin,

15 such as the generation of a void in the molten resin, may

be invited.

SUMMARY OF THE INVENTION

Accordingly, it is a general object of the
20 present invention to provide a novel and useful control
system for an injection molding machine and method for
controlling the injection molding machine, in which one or
more of the problems described above are eliminated.
Another and more specific object of the present
25 invention is to provide a control system of an injection
molding machine and a method for controlling the injection
molding machine, whereby after the V-P switching is
performed, in the hold press process, a retraction of the
screw at a high speed is controlled so that the
30 measurement precision of the molded article can be

improved.



20 process and hold press process of the nolding cycle when a conventi onal
nmet hod for controlling is applied; FIG 2 is a view showing a schematic
structure exanple of a notor-driven injection nolding nachine having an
injection apparatus driven by a servo notor, wherein a 25 control system
and a nethod for controlling of an enbog%qent of the present invention are
applied; FIG 3 is a view showing a schematic structure exanple of a
hydraulic type injection nolding nmachine, wherein a control system and a

method for controlling af 3Q apsenhpdiyient foﬁrl{g;a_pqreggﬁgt ihmentjonare

applied; FIG 4 is a view for explaining the filling process an ho?d press
process of theprwtidieng cystrolmystam foy ameiiedtion meolding Maphiné an

enbodi nent of &l&%‘i %re%%g%sigvfﬂii%%e%ﬁg gpl ied; FIG 5 is a function bl ock

di agram of retracting speed |I'I1m rh the hold press process perforned

by a 5 controller of theheontidingystadm focltdingret diidingemrdagsact i on

nmol di ng ma%hi ne of t esent _i nventi on; ?ﬂd FIG 6is a
fh

e ggbodi ment Vof theergcg ent :
function blrock™di agﬁ’rn > l?%ﬁfé(?ﬁ ﬁ&%ﬁ% TN PinBahe T ¢ fiol d press
process perforiefedifion holadnd meldheheof atidiea ¢tandr pkesy spsvdser fbhe
hydraulic type injection noldi ng machine of the epbodinment of _the present
hventi on.  DETATERS BERBRT PR3 (e PFER CREFISRREBSBRBCEE MEIEhe1 S h 110

description wiptoduny be given, with reference to FIGS. 2 through 6, of
enbodi ments of the present invention. First, an outline of the injection
mol di ng machi ne to whi cHPeNECRFERE MY StRTeROTRIN S0 Falraating 15058 20

described.joFl Gindid $ne@n¥i E¥F SHOWItNGgRa SESEFRItiIGgSEpHEY W€ t9eaRBkeyof a
not or-driven injection nolding nmachine having an injection apparatus driven
by a servo not#f 2 efetarBiRShtIesrasyseemrasd a it hdrilyorrfdexit #ol 1 i ng of

an 25 enbodi mepte Of, ANBRELSEN ItRECAbL QM A %eghggg-b%‘afr%r.ri ng to FIG 2,
rotation of the servo-notor 11 for injection iS transmtted to a ball screw

12. A nut 13 adapted to Taévangerahcyséemasey upsttheat anFondof the ball screw
12 is fixed to a pressurpgeg%ggg &e‘ltec-%{%n?’rq?&'i&gé}{" %‘le‘%%@%fn?”a Ip1gevabl e
e 16 to a

along a plurality of gui ars 15 an I xe a base Trame (not
shown) . Advanchressamdeseturactiaty isovenenin mfesisheepiesthe diogddapeedd are
transmtted to ew via a bearing 17, a | oad -10 cell 18, and an
i njection shaf?&l%e%r ! afd

speed detecting means for detecting the

retracting speed of the screw,
wherein the retracting speed limit means
20 includes:
first calculation means for calculating a first
operation amount based on a first difference between the
retracting speed detected by the speed detecting means and
the predetermined retracting speed limit value;

25 second calculation means for calculating a
second coperation amount based on a second difference
between the hold press pressure detected by the pressure
detection means and a hold press pressure preset value;
and

30 control means for controlling the retracting
speed of the screw based on the first operation amount
when the first operation amount is greater than the second

operation amount, and for controlling the hold press



The screw 20 is positioned within a heating cylinder 21 such that the screw
20 is rotatabl e about and novable in the axial directions. The heating
cylinder 21 5 at the part corresponding to the rear portion of the screw 20
i s equipped with a hopper 22 for feeding a resin. A rotation notion of a
servo notor 24 for screwrotation is tr@p,gm'tted to the injection shaft 19
via a connection nenber 23 such as a belt or a pulley. That is, the screw
10 20 is rotated by rotational driving of the injection shaft 19 with the
servo motor 24pfole Sy UsEAtEl | itk SbRohBCOPAARIG 2hBgANthdenget er i ng
processes, rotational driving of the servo-notor 24 causes the screw 20 to
retract in thefiwst iopgregionderout Wi Pauabttat iorg 1&6swhisareyhemsketend r esi n

i s accunul at ed f i de of the screw 20, nanely the side of a
nozzle 21-1 of° %éﬂg)élt %ﬁgﬁ%?/l inder 21. In the filling process, rotational
driving of the servo-notldr ilatseses cbdeancefietite gireskatsimemt2®nt ao20
thereby fild the nmold wth the.accunul ated, nolten resin and .pressurize the
resin for ol d?]ﬁ%‘fl % Flllegh?? rrfeo,r fcgg%‘ég,if%? H 6&§ﬁcgh%n et 'q‘]‘?}gare det ect ed
as reaction fotsasidy thhe peatbwa la h81ldIh@tcycde,t he resin pressure at the
tip end part of the scr%is ggtected. A.det ect ed vafl,g?_,from 25 the | oad
cell 18 is anplified by &9 BEdT | C¥GHs FPPEPIDH 3 15 HAPRTIGRSS a

control |l er 26. fdy pasitiio0NiAgt £CtRvadéihg MOLIYEd 0 sBLeprsrssuee plate 14
so as to detect anpbunts of novenents of the screw 20. A detected value from

the position dERIRIGENIBOIFRG MAFHLIE) ednB? 1P ISNPFEFT PTESSoEBE i nput

into the centr@bh€ic1dbngl B gecAANGe W hén &8 tleBgnestabt itgRedibyigp i nput
device 35 with an operator, the controller 26 -11 outputs to

servo-anplifi ePEZFSand 30 current (torque) conmmands dependi ng upon the

respective processes. TheeSREVRs@MRIniri8hng% COMY Ghos 1 hR; gy current of
the servo-notor 11 to control output ‘torqué of 5the notor 11. The
servo-anpl i fi exeBRadner sPeed I diheveceay renta eredhteseinasl notors 24 to

control OUtpUtfé£¥éﬂﬁin ff%@&dﬁﬂhﬂ& %éiu@mafaﬁp%pgréésgg%é%ﬁ%ﬁ%&iEg the

nunber of revolution o e servo notor 11 1s provide e servo 10

mot or 11. 1An ehcodwrld3Rrees plerwstsi kggihe. nunmber of revol ution of the servo
notor 24 is provided for..t 0 r.24, T 0 | ut i.qQn
detected by the encoder sItBQSa%géézarg%tggieﬁgu?ft%% %Leyéggm:r%rlﬂfegh\r@f €8
respectively. gfoHElda a3meshaed vicewcshawbhbimg schemaectict modiding exanpl e of
a hydraulic ty

r?e i.r}i’eectoi an. rerI ditn% %gchg N . wherein a control systemand a
met hod for con ‘?%PH n§ P ah %Cﬁb&i nr°of-the present invention are
applied. Referring to H)Gadsantheghydiauwi eft yipe 20 dojieat meldimg di ng

machi ne re the present ipventiqn is_applied.includes an.injection shaft
42 dri ve\r,:@g)y Y H T EP %]_“La?o? CYrEY 8Fi€i’h°g1iddfﬁa%l¥g?3t"ﬁgcq ﬂ{ozﬁ??on shaf t
42 is driven iresim;axial direction by controlling inflow and outflow of

actuating oil to the cylinder 41 for 25 screw driying. A,g rvo val ve 43 for
cylinder driving sw tcHds T2t 6 slcﬁgw\(l:\%?‘? & F19-6FSESw dri vi ng,

an oil source Ydtwethd adfedstted igi@seuket @nkeHAD mollRpRCEEHIH RMASSUr €
detectors 46 and 47 are provided at hydraulic 30 pipes in order to detect
an injection pPeRIgheEMEReHnRISITe PlesRuUrel A EEP R orPbt ect or 48 for

detecting o& screw posi td)on jin$ tRPAOVA ded rakting spuRLidroRneNgdtet Aintil
the detected pressure of the molten resin reaches the
predetermined pressure.

It is also an object of the present invention to
provide a control system for an injection molding machine,
30 the injection molding machine including a screw

which is advanced by a driving device so that a cavity of
a mold is filled with molten resin, and which is retracted

based on a difference between a detected pressure of the



-12 Injection pressure detectors 46 and 47 correspond to the |oad cell 18
shown in FIG 2. Detected signals fromthe injection pressure detectors 46
and 47 and the position detector 48 are received by the 5 controller 50 and
t hereby the controller 50 controls the servo valve 43 for cylinder driving.
As a result of this, speed control in th@_filling process and pressure
control in the hold press process are perforned. Next, an enbodi nent of the
control systemand 10 the nmethod for controlling of the present invention
wi |l be descrifed.od pethg sApodigrenbein sy GaLLAkeSYSt I %ﬁaﬂtgne met hod
for controlling of the present invention, thé retracting speed of the screw
is control | ed resitaedtar1sherealst denifhdbed iwiitth whakuwelemelegia, screw
retracting speed limt |.u r e . G r.ol i NS, . he hol d
press process foll ow ng\@ﬁeg%gé% @ﬁghg.%%%[&?@ % ﬁggggéglﬁrlr gtoﬁsacti ng
speed |imt isljriciinded astoaestiolg wpkddngt cordistirersuntil htehol d press 20
process, sq that cqntrol in theiP?%P grigs process is autqnmatically
switched td ei THeETC (Sjl Hrﬁ?ﬁgge por esdar &° G118 TERFRW retT act i ng speed
control. FIG drecetemnieadforesleai ning the filling process and hol d press
process of the nolding cle when a 25 nethpd faor, controlljng of an

embodi nent of the preseﬁ%anvéﬂt? Rr&SEPhI A N e §pgﬁm¥§g§iF§? FI-G

4- (a) shows a pstfddtenef spee€i ahespeeds id ddaedf hsl & ngpriegess and hol d
press process of the nol ding cycle when the nmethod for 30 controlling of
the enbodi ment SHMHE Y LBsERE NI REFER PEOS5Si €8; TR B2 £PBFoshbhs a
profile Oﬁiihetﬁé*ﬁdldaﬁeé§§rﬁtddééshesfhﬁiéﬁ&tﬂ@b@&?s§w£%6héﬁﬂﬂ% BL €8Sy Pr OCess
of the nolding cycle en the nmethod for_ controlling of the -13

enbodi ment of & LS 8SERE PFRATHECOROPET@p MY &d SCFPG, ratyaotiggofgeed profil e
of a screw posidign, that is the distance between the tip end of the screw
and the end part at the nozzle side of the heating cylinder, in the filling
5 process and hol d pres®thesceliedss t Heanures nney édeanheages I fbehod for
controlling of o LigRMIAGLAR, 9 10NBBERS HYrd BUBALLAD LopfRRE! ed. 1N FIG
4-(a), p05|t|V% I njection speed represents an advance of the screw and
negati ve 4§ ecfoloowitgsgerditephdesentiption etheactread of c¢drguscikéon As shown
in FIG 4-(b), f n i : | .flrst segnent of pressure setting in
t he hol d preséwﬁggégggXﬁgbﬁﬁ%ﬁﬁ;ggg%?§%$é%br the hold press process is
perfornmed based~on setting the hold press pressure Phl and 15 tinme tl.
However, the i.nvent i | t Ll to the above nentioned
exanpl e. The E@gégﬂiggggén.?%gcksTﬁ DﬁA I\E(’esdto a case where a plurality
of segnents of hold pre&IGpresssre e $etr.eAsldimdngntkeet £0l iegi ns, the
screw advances as 20 sh [0 FIG 4-(a), a he di stance hetween the tip
ond of thESCIROIH BHE BRI B aPrPRESh o BSSTHbIHS (e LRcHEF R
cylinder is shegriweaedonsd hétod Horr eshtrdliling tbeappvidd; of the nold. In
the hold press process after_the V-P 25 switching, a first operation anount
is calcul ated based on &Fir$ét1%i¥ rMer¥nEROBEINE T TREAFEE rEddSTy Epeed of

the screw det egtfghiaf ber atherqr-eesves cdd@lonbRElasSn@nthdifeSEa€IMg
retracting speed |imt value that is predeterm ned. Furthernore, in the

hol d press prd§b§§ﬁgpﬁépnt@gpqﬁq§us driven by a servo motor, whereln a
25 control system and a method for controlling of an

embodiment of the present invention are applied;

FIG. 3 is a view showing a schematic structure
example of a hydraulic type injection molding machine,
wherein a control system and a method for controlling of

30 an embodiment of the present invention are applied;

FIG. 4 is a view for explaining the filling

process and hold press process of the molding cycle when a



30 switching, a second operation anount is cal cul ated based on a second

di fference between the hold press pressure detected after the pressure
control begins and the hold press pressure preset value that is

pr edet er m ned. -14 Control is perforned by selecting the greater of the
first operation anount and the second ogggation anount. Specifically, in
the hold press process follow ng the V-P"switching, after the pressure
control 5 begins, in a case where the first operation amobunt is equal to or
LSS annan Lhe SECANE ARCLBLLAD AT B R ERSGEATbECLLEYahent 10 the
conventional pressure control T1s perforned. 1n a case ere the first

oper ati on anoubtvérstigmeadseapphiad;t he second operation amount, the 10 screw

retracting speed is contf@ I digo .t _val ue.

the scre etracting speed |in
The control for the scréa/re ract?ré}%ﬁéégam%go%%tLﬁﬂqpy pgfffﬁ?ﬁﬁftﬁ9ga
control for thspsad ddanpasineann.id-ltGe hold prdametrbans bl pekf dimagr Byn Hf
retracting .15 speed l.imt ans in the hold press. process perfornmed by a
control | er “of ?%hFQﬁﬁ%?Fons ¢ e o&héyﬁﬁﬂ%d#ﬁéﬁp of°t e Priesent
invention. Firsijecdicexagpiengieictiinet be €ontdnPodsiehendanthd beesgihod for
controlling is,applied to the notor-driven 20 injection nolding nmachi ne
shown in FIG PY§1519%e 8Bdcribed. The hold press pressure is detected as
the resin pressure by thad.ogdisel s +3BAVWH1bdk MiGgrdm! Bﬁtref’é_i&_%ttiiﬁgs as
the pressure detecting neans. A detection 25 value by the position detector
27 shown in Flgpeed jldmditr Pepphtinaitds 86l¢ HRECIhPTErety med Bétct ed,
by the speed delgcidin@-"MBangne iteBAL EOLL&GE RE thaWayaihfili@ tgpbunctions
as the retracting speed limt neans. Relerring to_FIC¥ 5, after the
pressure controt) SEisaghasding teehisrdopr e ggegénsnt ¥ dliengresenty- P
switching, the;fidst; difference between the screw retracting speed
detection value (negative value) and the screw retracting speed |imt val ue

(negative val ue) that -15 is predetermned is calculated by a first
subtracter 1. z cri.k _ i-ng speed
detection val 5Eﬁ9ﬂ%: ngéff» tﬂcted by the

position détector 27 shdwdesnrBhiGor2 wiThendw stee aridredi, f Wbtle noefdyehween t he
hol d press press et,ect ed he_load cell .18 and the hold press
pressure prese?ovgﬁﬁg %hgﬁr?%gpf%d@ge?%??égpﬁQ§sc8?cg?%ugﬁfﬁﬁyqa second

subtracter 2. #nvearrtdionconpensator 3 outputs the first operation anount
based on the first difference._ A secand 1Q conpensator 4 outputs the second
operation ampunt based &rﬁﬁe 3R Bha s P rEW%éFUfﬁ§§8ndB%$ %n anount s
have sanme di nefsdtin® tBawhichl@fd yprekbnt Siasitiba periwsimea,r ahal ive
operation en_ the abogve nentioned operation anounts are converted to

di mensi onl?dss Y es. 15 The controller 26 shown in FIG 2 conpares the

first operation anount and.theisecaidwopRbAIA®m AEDehhtaddsSRIReFs a
greater of the first operation amunt and the second operation anmpunt, so

as to transni te¥aP1Gr @4t rMAMFURIE WENt He) T APe ML 8+nd Madyinena¥tidn.

Because of 20 4hiisjdckibheappdSitu@PEEatd® ARV SnEMIB! wherlinl£ss than
t he second operation anmount, pressure control the sane as the conventi onal

pressure cont reéMi®lpayebehernd Pnmgthad ef AheoRtrReL iR Af GPer ati on anount

becomes gneat efnifAmhehReoBe0aNeh RRENA! I O RMNLret oL rol for the 25
screw retracting speed is perforned so as to maintain the screw retracting

speed at the screw retr ZeEPRGiRpeed NIGni 2, vERIAL1OTHES, thhesesioeWoretract i ng
:geed has a | L tfo\ialiﬂfe!:@icgrhQShCElrgnQﬁlfLs@ecprt%C%Sﬁaﬁ.t?érémh?i\./' PASPME chi ng
13 adapted to advance and retract upon rotation of the
ball screw 12 is fixed to a pressure plate 14. The
30 pressure plate 14 is movable along a plurality of guide
bars 15 and 16 fixed to a base frame (not shown).
Advancing and retracting movements of the pressure plate

14 are transmitted to a screw 20 via a bearing 17, a load



30 that the screw can be prevented fromretracting at a high speed in the
hol d press process of the notor-driven injection nolding nachine. Hence, it
is possible to prevent the nolded article from adversely affected. -16
Next, an exanple wherein the control systemand the method for controlling
is applied to the hydraulic type injectLgH_nDIding machi ne shown in FIG 3
W Il be described. 5 The hold press pressure is detected as the resin
pressure by the injection pressure detectors 46 and 47 shown in FIG 3 that
function as th r u det ect. .npa tection value by the position
detector 48 sﬁgﬁﬁ'?%éF%gg gﬁig&ﬁ¥$?g§e%$?%€ggﬁso that the screw speed 10 is
detected, by the speed dékestren dfedmsspodheiamed mdlthén dChegtowy in FIG 3

functions as the .retracting speed Limt neans. .FIG 6 _i.s a function bl ock
di agr am of ret?‘glcj’trfdtﬁgf gé)e %c}f P%atdc %Sn?cf%w {hz)e lﬁoFat‘?ﬁae@se 6&8 s¥Per f or ned
by a 15 contr ahdwblef ihheheatiall diystemrdor trhe hydtoid icyltiyperizj ection
nol di ng mat%hi ne of the enbodi nent of the present inventio Referring to
FIG 6, after +he5r 88Ehr &OTTHRCOAIBEgFAs 5 HERE ROFEH Pt &8s ThPoB e

following the M RsSwqueppad, withe af heppedli IS drneachehyeerdshg . scxew 20
retracting speed detection value (negative value) and the screw retracting
speed limt vafUEtnBgReEve™ Rl deperRatmetonrddéPEr AT FiH GosagaPeuisited by a

first SUbtraCtﬁan]smiHQééyt@%k@i&p%@%ﬂoﬁbﬁﬁt tibeyssr W drelkbaebhng speed
|

detection value is obtained by differentiating the value 25 detected by the

posi ti on det ectesPes8 23heWAhids A Bels. oThe HEd6Nd dThderiencéhBeswean t he

hol d press gbr ess ure rdeheeh agy b thheohRl aetiAMPHESEHE & HRIRILAT Snéh: and 47
and the hold press pressure preset value that is predetermned Is

cal cul ated by ¥ sdddndhsupereximetoz, 24 Bor fsarew tohpeinmt or 3 outputs the
first operation anount S (AN 1ff.ere efﬁ.%r}g ensat or
4 outputs the second opgga?ﬁ%gﬂhgn{}gﬁtlzggée%k%né{ @%Egg%% I T Srgggge. These
oper ati on anouwmttianelsdnividigr@fsitbasservo-1iptPhe2 & opausss ehe568csdown i n
FI G 3 conpar t.he Ll oper.at | nt hg, second i on amount
and sel ect thgzsogr%atréeﬁ: E%{:ttﬁg t?ﬂer gtg agﬁe(#]a%lg%%g%mg%tﬁ%%c? tr%ggé%;é%nd

oper at i on Ianowtiereby asltentremisimit dbeungrleciedr ab ane®uitorttostde sfrvo val ve
43 for cylinder, driving,.Because t hi if the firs peratjon amount is
equal to or |es¥ {IAF"t Al s%a(:’%eﬁé' g%%r3%$%n°ffaﬁoﬁﬁ%,zi%r%]§gurpg %’%ﬁtrol t he
sane as the camesgimigopglipdesdr.e control is perfornmed. In a case where the
first operation anount ecg S Jgchtre.ater 10 t han 'é:lg]?t.secgngg%perati on anount,
the control for the screw Fetr&cti™g Sp8ERST s J5drf-dPRa 49% 8 mai nt ai n
the screw ret raq isegvepRetoatllt kauses exdvaidenehicNgr seeeddriew £ovead ue. Thus,
the screw retracting speed has a lim¢t 15 value in the hqld press process
after the?9-p “'sl?ﬁrte?gﬁ ﬁg%oﬂ%%é"tmfih@ly&r% CEFUFEL pEedeMAFePr BRF 1Rt r act i ng
at a high speethd priBaubokd HELTTsPhOEES SnPfdildRe Ry deRs i €ind)] gokibes,

nmol di ng machine.-Hence, it is possible to prevent the nolded article from
bei ng adver sel¥Pigty BEFbdtheorasineease| Jo5acted a8 reaprion dedcesroY he screw

retracting spegg i1BaliheeDl h Pr epatpioceste dekihSpRosaitd att endrement
adversely effects on the nolded article due to the retracting of the screw
at a hi gh spee’nd PagheChotlE f1EeY pFoeEectadencd, deteqtedhyasdiel &9 real i ze

25 i nproverentf 16bR8 FERSWEMRNENPL eEi &t ¥y @f 168 soidegdpankigled n the
injection nolding and sinplification of the nolding condition
det er mi nati on.to be input into a controller 26.
A position detector 27 is mounted on the
pressure plate 14 so as to detect amounts of movements of
the screw 20. A detected value from the position detector
30 27 is amplified by an amplifier 28 to be input into the
controller 26.
In accordance with setting established by an

input device 35 with an operator, the controller 26



In addition, in a case where the resin fills the cavity of the nold and the
V-P switching is perforned 30 sufficiently before the detected resin
pressure reaches the peak pressure that is set (so that the period of the
filling process is shortened) and furthernore the screw retracting speed is
controlled to the screw retracting -18.speed limt value after the
pressure control begins in the hold press process followng the V-P
swi t chi ng, nol ding defects phenonena for the thin-walled nolded article

such as a shorg Y burr.quarLpag i C pr event ed
effectively so T Hat Sa rm?ggg ar tqlcﬁ\%eﬁgv?%g%g@gﬂhgﬁghgﬁ/ @%nrlg%(g?obt ai ned.
The present i ngemdrsts ideproding mipced the réssectEvsogirneassss but variations
and nodifications may b i.t hout. departing fraomthe scope of the
present invention. 10 Fgrrhrggggﬁp e%lmﬁ’binl the g%o(\:/(gntrr%onsl t())cngdg’é&aefrpl e, the
control net hodcofrdrte ofr ¢henservrenttioonll stappintad 1t ouepwaseraaer eft he hol d

press pressure _preset value | s set at a fifLst gnment _of the hol.d press
process under E@%dﬁeﬁo nglof B2 sr,?oqvg—-sp\giqsﬂpq%? uF8n%F%£%tthaBﬁéV?’hl and
time tl. 15 Howewesnt tdfe theesenio-ndtonti oA €& Jwitrbl nbheshit aorhgeabpve

menti oned examtol e. The present invention may be applied to an optional hold
press pressure ¢ BPtAIsé&wher e pl ural segnents of hold press pressure are

set. This patent applicaii @Qacb8ehasSEtRNdaPANESE He RUBEL tyr pat ent
application No. 2002-141423 filed on May 16, 2002, the entire contents of

whi ch are her eB§VeHEGOPoPAt Ble 1ieLver BPEREL] J5 pwovided TGAThESSErye MED | S:

5 1. A conty ol nS¥sit am .f OhnagntdiaCizn0Rc AL NG iRRCRhAen il Rerforns a
nol di ng cycle, the nDIdlngDE cle including a filling process for

control | i ng anrexRAHdiong° DrPTVOamgEP eV Hfi RECYOIRH) &t ithe ABFYP ng
machi ne, and aphald Hr esenpr 0Gass Lo reo81 Lol dd RRtBPEESHHIBOf @ nolten

resin after the filling process,
encoders 31 and 32 are input to the controller 26

respectively.

15 FIG. 3 is a view showing a schematic structure
example of a hydraulic type injection molding machine,
wherein a control system and a method for controlling of
an embodiment of the present invention are applied.

Referring to FIG. 3, the hydraulic type

20 injection molding machine where the present invention is
applied includes an injection shaft 42 driven by a
cylinder 41 for screw driving. That is, the injection
shaft 42 is driven in an axial direction by controlling
inflow and outflow of actuating oil to the cylinder 41 for

25 screw driving.

A servo valve 43 for cylinder driving switches
oil paths for the cylinder 41 for screw driving, an oil
source 44, and an actuating oil tank 45. Injection
pressure detectors 46 and 47 are provided at hydraulic

30 pipes in order to detect an injection pressure as the
resin pressure. A position detector 48 for detecting a

screw position is provided at the injection shaft 42.



the control systemconprising retracting speed limt neans for limting a
retracting speed of the screw 15 to a predetermned retracting speed |imt
value after a pressure control in the hold press process begins. 20 2. The
control systemfor the injection nolding machine as clained in claiml,
further conprising: pressure detection qggns for detecting a hold press
pressure that is a resin pressure in the hold press 25 process; and speed
detecting neans for detecting the retracting speed of the screw, wherein

the retracting speed |im; iRags SUBNI3CTet30cdid S gghcg&ation means for
' on I f

calculating a first operation anount base a first erence between
t he retracti ngcepesspoddt ot tle bypacheed pebd shatwectinnglGeahs dedethed

predet er mined {eh{AG! 08y SPEEA 1l N PEsure e SREONY £AGM| 301 On means
for cal cul ating second operati-on anou ased on a second dirfference
bet ween t he hoamd pries popressnrdettetteoct ¢8 dye tteeprredshy etldet ect i on neans

o 8 1ol d 1SS EANR SoPLERSharaLle eS A enasohoTEaNE g Rt ol [0
the first operséian vatoent3i sogredtietethanitirey.seaend opearlat o@nthAt®Unt, and
for control ling Lhe hohdoPr 8o, 40 A1953u e £ase” 00 Lhe,sseond opeyation
anount when th
in the hold press process are performed,
Next, an embodiment of the control system and
10 the method for controlling of the present invention will
be described.
In the embodiment of the control system and the
method for controlling of the present invention, the
retracting speed of the screw is controlled to have a
15 predetermined limit value, namely a screw retracting speed
limit value, after a pressure control begins in the hold
press process following the V-P switching.
That is, the screw retracting speed limit is
provided as one of molding conditions in the hold press
20 process, so that control in the hold press process is
automatically switched to either hold press pressure
control or screw retracting speed control.
FIG. 4 is a view for explaining the filling
process and hold press process of the molding cycle when a
25 method for controlling of an embodiment of the present
invention is applied.
More specifically, FIG. 4-(a) shows a profile of
injection speeds in the filling process and hold press
process of the molding cycle when the method for
30 controlling of the embodiment of the present invention is
applied; FIG. 4-(b) shows a profile of the resin pressure
in the filling process and hold press process of the

molding cycle when the method for controlling of the



first operation anount is equal to or less than the second operation
anount. 15 3. The control systemfor the injection nolding machi ne as
claimed in claim2, wherein a plurality of the hold press pressure preset
20 val ues are set in the hold press process, and the second cal cul ati on
means cal cul ates the second operation aqgggt based on the difference

bet ween the hold press pressure detected™by the pressure detection neans
and an optional preset value of the plurality of the 25 hold press pressure

preset val ues. i e_Go emf t he .i.nj . ml-di pg chi ne
as clainmed in %ﬁ%ﬁé%@?ﬁqmﬁgrEﬁ%ﬁéﬁé?éégcgﬁﬁgég(%hﬁgtkgﬁi%%ghgﬁgﬁlgufa es the
second oper at i smowneuprofasedodm tshhewegeponttidif,f éhences the@ Hibehneen t he

hol d press pressure detected by,t ressure detection,.neans and. the hold
press pressur gbepffwe%eent ecbgl Iﬁép i %y%cﬁr}gﬁzgﬁys%]f?vverar]tdhg%ﬁo?ﬂd it rsncs a%r gg%ss
begins. 5 5. Thezzlantside s¥ystinHearihfecyhjretdsd, oannmehdi figl Iaehi ne as

claimed in claim2, wherejn 10 the injection | di ng _pachi ne copprises a
rotor dri ven R EIATHORAH PaRen PARCRSY 01y iee P Lo R i g hEn

the method for controlling of the embodiment of the
present invention is applied.

In FIG. 4-(a), positive injection speed
represents an advance of the screw and negative injection

10 speed represents a retraction of the screw.

As shown in FIG. 4-(b), for convenience, only a
first segment of pressure setting in the hold press
process is shown. Control for the hold press process is
performed based on setting the hold press pressure Phl and

15 time tl. However, the present invention is not limited to
the above mentioned example. The present invention may be
applied to a case where a plurality of segments of hold
press pressure are set.

As the injection begins, the screw advances as

20 shown in FIG. 4-(a), and the distance between the tip end
of the screw and the end part at the nozzle side of the
heating cylinder is shortened, so that the resin fills the
cavity of the mold.

In the hold press process after the V-P

25 switching, a first operation amount is calculated based on
a first difference between the retracting speed of the
screw detected after the pressure control begins and the
screw retracting speed limit value that is predetermined.
Furthermore, in the hold press process after the V-P

30 switching, a second operation amount is calculated based
on a second difference between the hold press pressure
detected after the pressure control begins and the hold

press pressure preset value that is predetermined.



inj ection; the pressure detection neans conprises a |load cell detecting a
resin pressure in an axial direction of 15 the screw, the speed detecting
means conprises a position detector detecting a position of the screw, a
detected val ue obtained by the position detector is differentiated so that
the retracting speed of 20 the screw i s__g%t_ect ed; and the retracting speed
of the screwis controlled based on the fi‘'rst operation anount by
controlling the servo-notor for injection. 25 6. The control systemfor the
i njection noldin chine as clained_in claimz2, wherein 3 he .l njpgction
mol di ng machi neéo rrTrroglr ilg’egeg%%%ée?&atﬂyi &® %J%lrll%jtécet %gaﬁ%]f ot fg&%ﬁagﬁlr%ﬁg havi ng
an i njection cypérdeonaatdoansednd thal gecondtopddaitignasméunid .ow and outfl ow
of actuating oil to theu% er e%ti 0£ cyl, n%gr, -22 the pressure detection
means conprises a hydraft®¢defatter det-8&t PAY PIRTSr 83??‘65% essure of the
i njection cylipgerswitrde tapeedp datieching, NEANS GORPPpreESSute ATILbON 5
detector detecting a position of the screw, a detected val ue gbtai ned by

the position dee@ttor FsadfferdifticatBa - haPerREIPRIFHRM NgSspeed of

equal to or less than the second operation amount,
pressure control eguivalent to the conventional pressure
control is performed. In a case where the first operation
amount is greater than the second operation amount, the

10 screw retracting speed is controlled to the screw
retracting speed limit value. The control for the screw
retracting speed is actually performed by a control for
the screw position.

FIG. 5 is a function block diagram of retracting

15 speed limit means in the hold press process performed by a
controller of the control system of the embodiment of the
present invention.

First, an example wherein the control system and
the method for controlling is applied to the motor—driven

20 injection molding machine shown in FIG. 2 will be
described.

The hold press pressure is detected as the resin
pressure by the load cell 18 shown in FIG. 2 that
functions as the pressure detecting means. A detection

25 value by the position detector 27 shown in FIG. 2 is
differentiated so that the screw speed is detected, by the
speed detecting means. The controller 26 shown in FIG. 2
functions as the retracting speed limit means.

Referring to FIG. 5, after the pressure control

30 Dbegins in the hold press process following the V-P
switching, the first differénce between the screw
retracting speed detection value (negative value) and the

screw retracting speed limit value (negative value) that



the screw is detected; and the retracting speed of the screwis controlled
10 based on the first operation anount by controlling the servo-valve. 15
7. A nethod for controlling an injection nolding nachine that perforns a
nmol di ng cycle, the nolding cycle including a filling process for
controlling an advancing notion of a sc[ﬁgLof the 20 injection nolding
machi ne, and a hold press process for controlling a pressure of a nolten
resin after the filling process, the nethod conprising a step for limting

a retracting spe f : t edet ey m 5 retracting speed
limt val ue af%se%%g(&gﬁzéglghr?eg& (;el\ogntcg%) U?Egr\t?{é)?’hg: gJ?g?és%Ubgcrrggggg egins. 30
8. The net hod Heare,cant destrilgpd heowaj etlié arerewl dethgacmiaily Beead cl ained in

claim?7, wherej -23 the retractin eed .of the screw is detected, so
Chat o first GIGARTOR YADUh DECEALDRS ¥ (HeroHPRF ot et & KAL S ¢ he

di fference betdwsirtelenyetiadidsigispeaskddalr 29 gréweted Fand the metracting
speed limt 5 value is calculated, a hold press pressure that is a resin

pressure in t REWOAIIPEESECHIDOESUCRR Hhit dAEdPTess tRERSSHT8eB8RRCHSEr at i on

anount based iy, ansecend &iff erenss thatndis bhesdi pfeyfneephetyeen the hold
press pressure that is 10 detected and a hold press pressure preset val ue

i s cal cul at ed,Val¥e tBREatt iRHPISHecnined tife cedrbhAFed ddhtr §eFe@dbased on the

first operatiopamurRtrwien g he rkicr stmReSAlr08 80PN s ithedkeater than the
second operation
operation amount based on the first difference. A second

10 compensator 4 outputs the second operation amount based on
the second difference. These operation amounts have same
dimensions. Particularly, it is easy to perform a
relative operation when the above mentioned operation
amounts are converted to dimensionless quantities.

15 The controller 26 shown in FIG. 2 compares the
first operation amount and the second operation amount and
selects a greater of the first operation amount and the
second operation amount, so as to transmit the greater
amount to the serve motor 11 for injection. Because of

20 this, if the first operation amount is equal to or less
than the second operation amount, pressure control the
same as the conventional pressure control is performed.

In a case where the first operation amount becomes greater
than the second operation amount, the control for the

25 screw retracting speed is performed so as to maintain the
screw retracting speed at the screw retracting speed limit
value.

Thus, the screw retracting speed has a limit
value in the hold press process after the V-P switching so

30 that the screw can be prevented from retracting at a high
speed in the hold press process of the motor-driven
injection molding machine. Hence, it is possible to

prevent the molded article from adversely affected.



15 anmount, and the pressure control is perfornmed based on the second
operation anount when the first operation amount is equal to or less than

t he second operation amount. 20 9. The nethod for controlling the injection
nol di ng machine as clainmed in claim8, wherein 25 a plurality of the hold
press pressure preset values are set in gge hol d press process, and the
second operation anount is cal cul ated bas€d on the second difference

bet ween the hol d press pressure detected by a pressure detection neans and

an optional 30 preset v of .t | d_pr pLessur eset, val.ue in the
plurality of the hold p?%%%’p%%s%%?@ﬁﬁ?g@%?gg%fﬂg§CP gfggr%y%%nTang -24
10. A net hod fone cetthodl Fongeantnaijlécti ds sy ldiedlg torathe neyde@npicsi ng t he

steps of: a) agdvancin .SCre f the jnjection nolding chi.ne so that a
ooty o o mot ey arpeeRaff tiine, BRrhPhE PR B0 IRt he. sor ew
based on a di fdeseneedbet ween a detected pressure of the nolten resin and a

predeterniﬁgd pressure ﬁ%ﬁtge gnlten resin; and c) limting a retracting
speed of the screw 10 urtl "PhE RERSPEGSPRES st SS5ECERE Al HEh T8RN

reaches the prggedarmd BOdtRE essldcdiohSpidssuhe deRbbOgr of6 GoRt 1ol 1 ing the
i njection noldi ng machine as clained in claim10, wherein the pressure of

the nolten resfPYs igefébt edl %ﬁgt function as the pressure detecting
means. A detection value by the position detector 48

shown in FIG. 3 is differentiated so that the screw speed
10 is detected, by the speed detecting means. The controller
50 shown in FIG. 3 functions as the retracting speed limit
means.
FIG. 6 is a function block diagram of retracting
speed limit means in the hold press process performed by a
15 controller of the control system for the hydraulic type
injection molding machine of the embodiment of the present
invention. Referring to FIG. 6, after the pressure
control begins in the hold press process following the V-P
switching, the first difference between the screw
20 retracting speed detection value (negative value) and the
screw retracting speed limit value (negative value) that
is predetermined is calculated by a first subtracter 1.
Here, as described above, the screw retracting speed
detection value is obtained by differentiating the value
25 detected by the position detector 48 shown in FIG. 3.
The second difference between the hold press
pressure detected by the injection pressure detectors 46
and 47 and the hold press pressure preset value that is
predetermined is calculated by a second subtracter 2. A
30 first compensator 3 outputs the first operation amount
based on the first difference. A second compensator 4
outputs the second operation amount based on the second

difference. These operation amounts have same dimensions.



a pressure detecting neans, and 20 the retracting speed is detected by a
speed detecting neans. 25 12. The nmethod for controlling the injection
nol di ng machine as clainmed in claim210, wherein a first operation anmount is
generated based on a first difference between the retracting speed and a 30
predeterm ned retracting speed limt valig, and a second operation anount
is generated based on a second difference 'between the pressure of the
nolten resin detected by the pressure detecting neans and a -25

predet e pressu e Vileond e h TR ML IR IS, | ¢
oper at ed basedforst Rpelrbtsdn cperatt andatie decunen opbeatidrstamopatasihdn
anount is greate %ﬁ %gan second Rera | on_anoun .Oand t he scre s
oper at ed baseds%#‘i &6e8bRY-Op&tiat ?‘Sn houMPSkRERCR Mt s £ 81p\£§3%‘1t|0n
amount i s equasedshd®lopkessibhamciREgndo 0Rer&s itaaAnamdnthe HrekbderA control
system for 5an éégéﬁﬁiégntgglgégg% Q%EQLnEB for cylinder driving.

Because of this, if the first operation amount is equal to

or less than the second operation amount, pressure control

the same as the conventional pressure control is performed.

In a case where the first operation amount becomes greater

10 than the second operation amount, the control for the
screw retracting speed is performed so as to maintain the
screw retracting speed at the screw retracting speed limit
value.

Thus, the screw retracting speed has a limit

15 wvalue in the hold press process after the V-P switching so
that the screw can be prevented from retracting at a high
speed in the hold press process of the hydraulic injection
molding machine. Hence, it is possible to prevent the
molded article from being adversely affected.

20 Since a limit value is provided for the screw
retracting speed in the hold press process, it is possible
to prevent adversely effects on the molded article due to
the retracting of the screw at a high speed in the hold
press process. Hence, it is possible to realize

25 improvement of the measurement precision of the molded
article in the injection molding and simplification of the
molding condition determination.

In addition, in a case where the resin fills the
cavity of the mold and the V-P switching is performed

30 sufficiently before the detected resin pressure reaches
the peak pressure that is set (so that the period of the
filling process is shortened) and furthermore the screw

retracting speed is controlled to the screw retracting



20 the injection nolding machine including a screw which is advanced by a
driving device so that a cavity of a nold is filled with a nolten resin,
and which is retracted based on a difference between a detected pressure of
the nolten resin and a predeterm ned pressure 25 of the nolten resin after
the nold is filled with the nolten resin, .the control systemconprising a
controller for limting a retracting spé&g—of the screw until the detected
pressure of the nolten resin reaches the 30 predeterm ned pressure. - 26

15. The control systam;top e Aﬂ’ée‘}ckh@pg@%&lﬂ@ crofﬁg%{‘eb 1 gh”@ﬁ’ in
claim 14, further conprising: a préssure detecting device Tor etec?lng t he
pressure of theohbldressr psooesanbl3oaispethe detPesinghisy) celddngdet ecti ng

the retracting,speed of the screw .10 . The .control._system.for the
nj ecti on ol AREE S RRECRS TR | Rl RELP A THIER, TPORERe” Comer PEFRG: a
first cal cul at afiga dmareeshot, geindr,aburg, awdigstfe , opadatheonl &weah based on a

first difference between _15 the retracting speed of the screw and,
br edet er i red PERYSASH LRBEI A ID R OIoCRE SEFLarS din AdsBighd

cal cul ating deyhge: tholcageper gstdidicd.Second operati on anount based on a
second di fference between the detected pressure of the nmolten resin and the
20 predeterm ned pressurdCoPTERRRhoitVERtLeR| hS B FAMITRE Bdnthese system

for the injectipfidiieditBy BREN G A3 ofbahA@dnddl rikat AS mfierRl Rabibe screw
is controlled based on the first
without departing from the scope of the present invention.
10 For example, in the above mentioned example, the
control method of the present invention is applied to a
case where the hold press pressure preset value is set at
a first segment of the hold press process under conditions
of the hold press pressure preset value Phl and time tl.
15 However, the present invention is not limited to
the above mentioned example. The present invention may be
applied to an optional hold press pressure in a case where
plural segments of hold press pressure are set.
This patent application is based on Japanese
20 priority patent application No. 2002-141423 filed on May
16, 2002, the entire contents of which are hereby

incorporated by reference.

25

30



operation anmount when the first operation anount is greater than second
operation anount, and 30 the screwis controlled based on the second
operation anmount when the first operation anount is equal to or |ess than
second operation anount. . A AATf.Ay. A
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the control system comprising retracting speed

limit means for limiting a retracting speed of the screw
15 to a predetermined retracting speed limit value after a

ﬁfessure control in the hold press process begins.

20
2. The control system for the injection molding
machine as claimed in claim 1, further comprising:
pressure detection means for detecting a hold
press pressure that is a resin pressure in the hold press
25 process; and
speed detecting means for detecting the
retracting speed of the screw,
wherein the retracting speed limit means
comprises:
30 first calculation means for calculating a first
operation amount based on a first difference between the
retracting speed detected by the speed detecting means and

the predetermined retracting speed limit value;
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operation amount, and for controlling the hold press
10 pressure based on the second operation amount when the
first operation amount is equal to or less than the second

operation amount.

15

3. The control system for the injection molding
machine as claimed in claim 2, wherein

a plurality of the hold press pressure preset

20 wvalues are set in the hold press process, and

the second calculation means calculates the
second operation amount based on the difference between
the hold press pressure detected by the pressure detection
means and an optional preset wvalue of the plurality of the

25 hold press pressure preset values.

30 4, The control system for the injection molding
machine as claimed in claim 2, wherein
the second calculation means calculates the

second operation amount based on the second difference
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5. The control system for the injection molding
machine as claimed in claim 2, wherein
10 the injection molding machine comprises a motor-
driven injection molding machine having a servo motor for
injection;
the pressure detection means comprises a load
cell detecting a resin pressure in an axial direction of
15 the screw;
the speed detecting means comprises a position
detector detecting a position of the screw;
a detected value obtained by the position
detector is differentiated so that the retracting speed of
20 the screw is detected; and
the retracting speed of the screw is controlled
based on the first operation amount by controlling the

servo-motor for injection.

25
6. The control system for the injection molding
machine as claimed in claim 2, wherein
30 the injection molding machine comprises a

hydraulic type injection molding machine having an
injection cylinder and a servo valve controlling an inflow

and outflow of actuating o0il to the injection cylinder,
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10 based on the first operation amount by controlling the

servo-valve.

15
7. A method for controlling an injection molding
machine that performs a molding cycle,
the molding cycle including a filling process
for controlling an advancing motion of a screw of the
20 injection molding machine, and a hold press process for
controlling a pressure of a molten resin after the filling
process,
the method comprising a step for limiting a
retracting speed of the screw to a predetermined
25 retracting speed limit value after a pressure control in

the hold press process begins.

30
8. The method for controlling the injection

molding machine as claimed in claim 7, wherein
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a hold press pressure that is a resin pressure
in the hold press process is detected, so that a second
operation amount based on a second difference that is the
difference between the hold press pressure that is

10 detected and a hold press pressure preset value is
calculated,

the retracting speed of the screw is controlled
based on the first operation amount when the first
operation amount is greater than the second operation

15 amount, and

the pressure control is performed based on the

second operation amount when the first operatlion amount is

equal to or less than the second operation amount.

20

9. The methed for controlling the injection
molding machine as claimed in claim 8, wherein
25 a plurality of the hold press pressure preset
values are set in the hold press process, and
the second operation amount is calculated based
on the second difference between the hold press pressure
detected by a pressure detection means and an optional
30 preset value of the hold press pressure preset value in
the plurality of the hold press pressure preset values

that are set.
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molding machine comprising he steps of:
a) advancing a screw of the injection molding
machine so that a cavity of a mold is filled with a molten
5 resin;
b) retracting the screw based on a difference
between a detected pressure of the molten resin and a
predetermined pressure of the molten resin; and
¢) limiting a retracting speed of the screw

10 until the detected pressure of the molten resin reaches the

predetermined pressure.

15
11. The method for controlling the injection
molding machine as claimed in claim 10, wherein
the pressure of the molten resin is detected by
a pressure detecting means, and
20 the retracting speed is detected by a speed
detecting means.
25

12. The method for controlling the injection
molding machine as claimed in claim lO,iwherein
a first operation amount is generated based on a
first difference between the retracting speed and a
30 predetermined retracting speed limit value, and
a second operation amount is generated based on
a second difference between the pressure of the molten

resin detected by the pressure detecting means and a
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V7 13. The method for controlling the injection

molding machine as claimed in claim 12, wherein
the screw is operated based on the first
operation amount when the first operation amount is greater
10 than second operation amount, and
the screw is operated based on the second
operation amount when the first operation amount is equal

to or less than second operation amount.

15

14. A control system for an injection molding
machine,
20 the injection molding machine including a screw
which is advanced by a driving device so that a cavity of
a mold is filled with a molten resin, and which is
retracted based on a difference between a detected
pressure of the molten resin and a predetermined pressure
25 of the molten resin after the mold is filled with the
molten resin,
the control system comprising a controller for
limiting a retracting speed of the screw until the
detected pressure of the molten resin reaches the

30 predetermined pressure.
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retracting speed of the screw.
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10
16. The control system for the injection molding
machine as claimed in claim 14, further comprising:
a first calculating device for generating a
first operation amount based on a first difference between
15 the retracting speed of the screw and a predetermined
retracting speed limit value of the screw; and
a second calculating device for generating a
second operation amount based on a second difference
between the detected pressure of the molten resin and the

20 predetermined pressure of the molten resin.

25 17. The control system for the injection molding
machine as claimed in claim 16 wherein
the screw is controlled based on the first
operation amount when the first operation amount is greater
than second operation amount, and
30 the screw is controlled based on the second
operation amount when the first operation amount is equal

to or less than second operation amount.



