; €3eNTN<. j "6TT: MOLD CLAMPI NG CONTROL DEVI CE CAPABLE OF ACCURATELY
, CONTROLLI NG MOLD S EXERTED ON A MOLD DURI NG | NJECTI ON MOLDI NG
"BACKGROUND OF THElm mwm ield of the Invention: The present invention
relates to a control deyice that controls nmold clanping in gnjdfife¢obes

nmol di ng machine. More particularly, theipresent invention relates 1o a nold
cl anpi ng control device capable of accurately controlling nold clanping

forces that MOLEXeCLAMPING: CONTROL | DEVIOECeCGAPRABIE! OMACCURATEIRDY
reduce defective ag ear ance of ul tra-rgr eci sion mol ded articles. Description

of the Rel ate@NIROLIANG JMOAD iGiAVMPING FOPRCRS fadHRheDWGM A M&ddl e type
nol d cl anpi G EE?I‘ im mechani sm controls a position of a
so-called " g‘?%}@ﬁe@g ole)gNe:nera Igﬂ% nol d cl anmping force. The nold cl anpi ng
force is exerted on a nold. The nold includes a fixed nold segnent and a

novabl e nol [ e ion, the nold clanping force should
be controll g@ﬁ&%ﬁé%’ﬁ&ﬁ%é?@ﬂ%'&e i njection nolding stage. An
exanpl e of ERNYRRAL tio0l d cl anping force control device is disclosed
in Japanesqugtent H%é’iﬂ -dggg No. H10-119100. This device enploys a strain
gauge nount ed ontThepresentinwantibnaslaes te daontrdladeviee Hat eontrbls swidess
caused by th? mol d cl anpi .ng.force. . The anpunt ’\ff St rr?i n_i nd{ cated by the
Strain gaugdR@PiG 0 AR NEE R ETAlEing Maghie g MeyE e rtota ol BreseRt ng
force is conaygitlgdredsteste Hasdia Qhmbliey E6hR6! 88i8®ApabRN® Acrafehe. Upon

injection nolding, the novable nold segnent closely contacts to the fixed
mol d segnentcantrogingemotdbcleninirg forsesdhat. isTexeried on @ aold dyrin@injectian exert ed

purpose, _a. HBp e A REbRdeByer st shesiarhed. BRbina BRI ol cct i on
val ue suppl igticilesom a position detector so that the actual position of a

novabl e platen coincides with a predeterm ned position for the novable
pl aten. Li ked@sciptionsf tha RetatedPithig notor is controlled in accordance with

2 17 J et : ji i f
Getecior so rhar 4 BRRG AREEM RRIdifY HiaciR® Wik {dduR BBRhoIATRIRY o co
Er e?ﬁt erni neiée.viua! (dmioﬂchrqjamgin‘gommhaﬁﬁmn)mjtophmmbra ip@lséion?iotlm iso-talleny f or med

e 1 njeqgtli on nNb I N I 0Ocess sonet | S an r cile r ulrr.ln ver
o h o b e rbees a8 SRt B o SR e g e, TS M blamuind iR aci on

or a thin mydaddana fldd. TRE rh&lE iREINEES hifdFhoREy e indr £ficvasRe Mol ded
articles, the novable platen is shifted and/or the nold clanping force is

changed to impdosegnient. gBaringthefopeiation,nthie meldielamping doise. shamld behi fti ng

ar o made. dorP RN i REPR A eAC BEE ek ol B GE ap FhaRPISBPT 1 o
Clampi 19 oy C 61 Lnot. Shidt 19 THe A bl 6 pl gt an (1. oouanl o pl at en
posi L1 on comtae Laﬁg-éﬂ%é\lg wi&-m@ﬁégmﬁh@g i@y%f&@éﬁ@frs 8. s3I 9F U9 anpi ng
force cont ! haufled ot hfferbBPsddrPat bt BAGhGIYEREIES the Selataifsdd by N

dwel I i ng/ cool 1 ng stage. wever, these two tfactors have erent
functions. ThemadyakEneipy dorea. ddw arhountcafratrain indicatéd by the stréiorgaugevi di ng

ot ' e B Ll AT o™
I mpr ovenent $nahe tRLRCHAItHE RBRIEA AAE cRIMbiABtbzal properties. Neverthel ess,

the conventional toggle type nold clanping device perforns either the
nmovabl e pl at en péian isjectionmalding; thenmonable ropldngagmentaieselicoontaets tat a

time. This h va S i ther.o f are

obt ai ned. - NEaRe Rl SRonaBlitbREREpB e e HBieoffe Bt Ml i8R Sucn

convent i onalis ggsrtéddbn e irvd belote @héf@hﬁ@ﬁ_rﬁ_@lﬁ%vﬁt? withssmanenrédif. Fohus, it

is difficult to use it for the ultra-precision nolding. SUMWARY COF THE

| NVENTI ON THEE dpese.ad 19Bjdk elamning Hao ciseRNtiAligEnini aecardanee pvAde a

nol d cl anpi rQl i r I r okl

cl anpi ng foriagteés%:(ﬁtIa h \{%#]ueefg#ﬁ %ggm@(fg?sgﬁ&r?ggéacg%ggyrt Q%fg@%oﬂﬂ%l ggB bl%ffi cl es,

especi al l'y li mbvable%\laiemn;einddab_tvgmd prpﬂedleléamlirwd positisn fd*cmlerrgbmg)lbof t he
resent invention  there jis provided a nold clanping.control device for use

Pn an inj ecpr%ﬁn-n{alkt?l""r'ﬁf’ﬁé%ﬁﬁ?@c 'RY n%\OtHblsoCQﬂq})&ruﬁgh@aﬁ?ﬁrgﬁn‘F%W'tgﬁ ving a

novabl e pl aten through a toggle type nold clanpi ng nechanism The injection

nol di ng machi ne al so \m‘\\\m\\\\m\\m\\“\o be cl anped by 17 January 2003 3
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means of the novable platen and a fixed platen, in which a nolten resin is
injected into the nold to forma nolded article. A first sensor is provided
“for use in detecting a relative position between the novable platen and the
fixed platen to produce a detected platen position. A seconle}:ﬁﬂ%?}; ?
provided for use in detecting a nold clanping force exerted on the nold to
produce a detected nold clanmping force. A target val ue generator generates
a target Va'd’eqeaﬁ:}V‘@aﬁﬂetsgﬁpr@d’ﬁgh'?aHﬁ&&%@n?@ﬂg?gﬁefdef@&or’géttﬁétt aBt A" 9et
pl at en position ARGt enerating a cl anping Torce

val ue. A nolmrokd dannprr@f@mebetomasteqoal towd pteeretarmned mald ciignpiayiforceand a

nol d cl anpi ng de atlo 05|t| eyi ation ing a deviatiop, between
the target pl aten ?’%‘3\ Gew%t'ﬁ ‘§ ”&%tf‘ér@t‘%fg%ﬂl fg?e‘ﬁleﬁé@f‘th iNg he nol d
cl anpi ng dewvi t R force
value and t ’65%%;@?23% 15y B8 Sipe rSGng den) FEATle Rl SLERERal Uit

i s adapt ed trookledexticle avith a:semplheatpds:omflguraﬂlem at & tminamadidetaarticle d For anpi ng
deviation tqg,_control. th i.ng notaqr. For,_exanple, .the | d

Cl anpi ng colbPaTodHRton Sl e dush BEREPacRs RGe aidesaPe CURtatle IFTEN fhe
detected pl adpfePR%d/bl B2 ﬁ%ﬂi &@mpﬂﬁ REE T mércqeel t@ﬂﬁip’ﬁ&/é ﬂfectﬁJélﬁPHf thae
target platen position value and'the target force val ue,
respect i vel yiinal queﬂjaﬁeIQSheTtpeehtftnmmoﬁ@wma ofrfomﬁjlsmewetwhels wferrpd ho

dovi at1 on’ arfr TG Theeh P lanS B FiAd e R BRIERE Aol yREBogh g

gener ati ng wfithe gn@@@qb@d\aemﬂgmglmggfg@@nd val ue for the nold cl anping
not or according to the selected deviation. Alternatively, for exanple, said

mol d cl anpi ng corka &is endl ithenspnivepiianss teggle fwpe mals slampiig deyice gheact i ng
t he detect

e et ect ey phehe AR Ml (08, iRabel ASier BN, Bk PHRIGR R
det ect ed nolrdok:lletampmg fbme:eet rmutdtdtmnpmgg'etcarmﬁrdrat) damnmgtmeftmeéronathee to

bt th | d_cl { t t t
Convert s hOAsUTG BF rﬂ%sﬁ%&ﬂeﬁ# PRicyeldleSRIEsiane ! HONRERG IR or t he
motor. A nligeplARBUE X dff@fé?ﬁ fﬁﬁ&ﬁ&ﬁ@atﬂfénntWabléﬁmfﬁﬁtﬁosﬁt% %Iwﬁoplsa”p' ng

deviation into a second control conmmand val ue for t a swi tch
sel ecti vel y effgstive & prowiding stakilityl io Hbickeesmand oveighl ot therfinal maldess f or

ol d ol ampi AUagR: 10¢ PR oo o R HRer nERY Rl K0t ng
the detect edhgl &hproveasdnts oof f defactive tappeetanceatand popilicdloprypertiest o
obtain the FNPSI'[I on devi ation, and a second subtract or for subtracting the

det ect ed molNEversiassgtheFervantional irgolebpe: Mels elamping deYyicE RIS ue t o
bt th t

cel oot ed deurnr] HeABy e dRER detliorfboitc) SF B Ll ALY E8AKorS i on.

A pl at en posittaitone afn’dlsnmbdnsIthaatmnt;gadmnﬁagemobenttmtomoﬁjhetcanﬁotsraxel ded to

convert the %ﬁ’%ﬁ% eweglis;fc%){n)?agat copéjﬁc*wﬁcomr% dar\égqll c{j ét’ not or
to supply i @ Ry i ng
control uni tcoﬁ%ntld”#‘a'l eeRtral éféthgftﬁolti%létﬁ?ﬁ\‘g' fofde fsQBsdBBclrats erRGs, ivR! Y

produci ng, as a selected target val ue target platen positi on vaI ue and
t he target ifiquiticanss tt@orftbecbétrwrmslomnmﬂeet ed val ue switch selectively

pr oduces, the detected platen position and
t he detect e§%ﬁ@ﬁ§%1—ﬁ§tlwl§gﬂme detected value switch is in
cooperation w thThaeefbrs, a8t obfddteofsihet mriesert wbhrmtngrtoqarbwae% gméblae

sel ected detected value fraomthe selected target value to obtain a

devi ati on, h&tﬁmnmcgmgﬁl PRdce icanabetﬁepfﬁﬁcwa&lmﬁsntﬁ@lhn@md@tﬁmelngatorceﬁ umlt
T o the mip deibBY Buid BErRGE AbPRAA BT HlolRd nihk ESedlBPhigho, SU0 Y

i nvention, thecisiohandudtragsedision drtitleeen the novabl e platen and the fixed
platen is defined a osition. The control command val ue for the

S | at en
motor that is coﬁcégw&%ﬁ‘et epgat 'BY%ﬁt@rﬁ‘ HYEUP BFPVIRe MO $13(8PIRYY i r st
control co V. Bhe ML REtior RIG hi R
ot or vt o CERHQLARAR I sk IR bRt [ RGP RETRE A MokFeialibidd
second cont nudtoc omdrinng sd ueovfainie tﬂkﬁemihmughTaetoggIedtypleamld]g:lampingoI unit
produces the first co val ue . for th ntro comand
rom the bedieHERiSTr ThRaNERIEL OKME Mo alBaSa Sl e ERT ! phrn
period of tinme el apses and produces the second control command val ue for
the notor as the control command after the el apse of the certain period of
time. A notor control unit drivingly controls the nold cl anpi ng not or
according to the control command. 5 17 January 2003 Alternatively, in
accordance with the present inventi on, the reI at| ve p05| t| on between the



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A nol d cl anping force contro
.device according to a first enbodi nent of the present invention is
described first. Referring to Fig. 1, an injection nolding machi ne incl udes
a toggle type nold clanping device. The toggle type nold cl i hee
has a fixed platen 11 and a novabl e plagen 12. A fixed nD|dﬁ§§%ﬂ§H?9?§§is
nmounted onto the fixed platen 11 while a novable nold segnent 14 is nounted
onto the novg k T, |£5i IyFhi 6l tie bar
15 in' such angars @ HeMobBpie DRIAIPYR? FIREbRen i Wi EHBRAOLER ¥t 11 ° A

t oggl e nechanjestedlibiq thevinoll to formss nmoddet agmle.i A finsttserisedist providednfovabl e

Ot her end_of“SehE SROGEIND AR S 1 PAGVEET e DR vatls e R FreLie IRy
thereto. The|hieh t8qrodicd & d@féﬁ?@d‘?%@eﬁ Po’si'ﬂ@npmaﬁédbnﬂm"oﬁ' islpfroviRYeof

cl anping notor 18 i's provided in the platen support 17. The nold cl anpi ng
nmotor 18 is WRE in detegtirg @t meld et@niging fameoexemci eoltharneldi®, pepglugesar i bed

direction.  19acePRelof e FRbECA BrifHnd iBnaitle el s RS e
The novabl e \igd detwéemtheemovdly pritéh anantet filedt piatdrmbs kbtatyet pritéme
operation of the toggle nechanism 16. This causes the fixed and novabl e

nmol d segnentRPsitpraviiie and Jorcgeneratingettargel eroldclasppingdatcenalvgy AHBoW i ve of
the nold cl i . ) h 6 ]
pressure betadm%g g}gggérﬁrtqléﬁ\s'tgggr}ee@%g&r éiﬁ{ﬂ@q ﬁgg}ﬁﬁé’g?‘%ﬁs?ﬁo@t@gp% t he
tie bar 15. dsvistlomthe pogifien ﬁégi'atienueﬁw@ﬁid@vlmmnlbietmeam&é target platdm a
strain sensor 20 to measyre strains on the tie bar 15. This strain

rensur enont AOSTIEN GUvE 3nd dhepelsctes) RIAter Bosipr riberBrBelamAGRR Rl

gui de nenber i QM4 b i 2 { xed

pl aten 11. E%@}gg@gg%ﬂg}n@g&@gﬁ%ﬁ égﬁ gﬁlt %@t é ‘?@r{tﬂ%l \éﬁg?aétrgﬁtﬁléz. The
| i near encodietected mosid clarhping foroe. glhelmaic slaanping coatrelowpbisyadaptedto

novenent of the able.platen 12, Qutputs ,of the strain sensor,. 20 and the
| i near encoc?&‘ecigg r%s%ﬂgeplppgﬁ'of‘od%v'%&b a@fjawﬁi WS'@B[‘?{?%FQ Lf%vgat%\_ tc’As wi ||
be descri bedtomfrioftHemert @amphr] Matort he mol d cl anping control unit 23

supplies a control command Po the motor control unit 19. More specifically,

t he strain sensorF¥@xaewiettbe meld slampinggontnebupit inalges| sultragimaniity

he strair XaE _ _ |
Chrn 09 | O sudifathl i BeRSd piatdn HOSion Y thEdte B In6lATBNhd ©f °°
2|3. Thellzi n;f_ﬁlrcele‘_mmdbe ta&@eﬁ;elatmysctmiﬁm aaheﬁndiheﬂar;glﬁlmnlcljgfan:ubiegrfombl et I
at en . | hear ..encogder en Su, |1es. to e N C 1N contro
Pt ©55 T he VA soStEcaN oo arothcs i pPy B8R sEViAian & PRy IBRE R T i od
pl atens 12 aeislibn, R¥pebiifap! APERIIPSeI31VEIY pRRIUCEBHAS Bisiohueviatisicoder 24

whi ch detects the rel ative position between the novable platen 12 and the

fixed pl at e@ngditheimoididiampingedeviatioreas edialectedidsvialiont i genewtingeunibl d

detenteq by Senerne SuarhB) EbbMERLT0E 18 withe AP RaRY SR find o
detect or tehe sdlectbadsiatiodQ03 7 approxi mate the position of the novable
platen 12. Alternatively, the position of the cross head in the toggle may

be detected for tAAt@r@ativﬁiYaﬁor@mm@@‘ saidmeeldiciympingraagtrop unit mayiBrydel anpi ng
control unity gd §86€P£dt8%r%u&ir58ﬁnq§H%&éfé‘c?éd ﬁ%i"eq goaﬁ&??r?m?%{aqgr%f’f 23b,
a platen p03|t|on conpensatlon uni C, a no C npl ng orce Co ensati on
unit 23d, amtbtenpasitioh vaRy to2dstainTthe puslitibredeviptiong andre sedonds ubtidtors

connected tqQ an adjuster 26 thro targe al. ue generator 25. The pl aten
posi t1 on andot FHETASH B0 A ABtetpd GOk SaimpIda{ord (10T e @gRIdTeR SemPibs.
settings af foPhbdid QetdIR il 9%|dvabgfpgg§r€é\ﬁétwn.25,a giafert Podfonval ue

generator 2 urn supplies a target n position val ue a target
mol d cl anpi egnfpEnsatiorabinié cooverteethie paditiemdeviatiors into adirsidnntiat tomsn®28h and

ol ati ve podPliEctr die Moltrent podd4iRbBia ek comaeheaiah BEPap@tstieand Tt he
{1 xed pl at ofndd claFHFing R0 onIAY 266 05n @it BN VEMBHbE B bldh. t e

detected nold clanping force as the tie bar strain anmount. The first
subtract or 28l§0salswitale selectivelpisuppliepihsi firsband thenseaeadicangel comaand

position va t al t L.t1 jation. The platen position
devi ation i &%‘W&&PF@&%@?&&% g‘@@rﬁ%ﬁs‘%’ﬁg{)’ﬂ&%mensati on unit 23c where it
is converted into a control comuand value for the notor. The control
command value is supplied to the swtch 23e. On the other hand, the second
subtractor 23 subtracts the tie bar strain anmount fromthe target nold

cl anping force value to obtain a nold clanping force deviation. The nold

cl anping force deviation is supplied to the nold clanping force

o . ~rs 1 N - o - o o . ~rs 1



8 17 January 2003 After the nold clanping is conpleted, then the nolten
_resin begins to be injected or charged into the nold cavity. In this stage,
either a count-up signal froma tiner or a detection signal indicative of a
screw position is used to connect the nold clanping force $9qﬂﬁﬂ§ uni t
23d and the nmotor control unit 19 through the switch 23e. The con

command for the nold clanping force and the control command val ue for t he

notor are supplie J . Qr nt uni or, trofk ynit 19
controls the nol dﬂc%g%'gﬁg%‘fodpg%cgaﬁ%'ﬁg &1% o' gﬁg @g& Ilngfb% ﬁmgi"f’ val ue
for the notoguliteachsh fassubtgctigy t%ecdew@ledgalét@hq:ﬁ)sn% fappahenarget pratéhe

above, the novable platen position control is shifted to the nold clanping

force contr oPOSitRT ¥akedRpkiRiNgthenrosHiAn daviaian nand ReseRMNSHSULtIACRTEIRr 12
hould b | ts d
ot contact - iicba e SRt IS EmpIfg T8 dn M iKMo LARRERETILS Lo

movabl e pl atfenoep&aldei t;m otbmlhrmb meld idmpidgt @e\mamﬂmlxd switompselgcfivelge
control with the nold se t being cont act ed corrg)l etely, the nol t en
resin flows %F’P‘C%tﬁ%uﬁ r‘Fge"é?i'Olﬁ‘ nB8 cREHYN devaionoand e Bdd

article. Furg ShT i es or
at | east red%gglgn%&ev%g@ e;raﬁw; tﬂjej§ gio']p %f@gw;%%eﬁ %Eog%&én‘?dg‘sng‘gﬁgf? nk
mark and a bunitis pi‘towdeﬂﬁm cahvent thiuselectedrdeviationtigto an conirclkamesimaad dalue

bi refringenc, re et ect on of the tie bar strain amount for
t he feedbaclf&g'iﬁ aig SHQEE’r P%e@ea{ﬁgl\q CANPRIMBI% i di ng a uni form and
stable nol d cl a”ﬂrlﬂ%érﬁfdié $id hisid mrﬂﬁﬁg%fohtrﬁl it wﬁqune&amal t%rg?éivfa ViR cal

probl em of the t rfg gl e nmech ani smcan be rélieved t
f orce beconeswitohriet use it Belechively peeduairg, eﬁ&%é@‘ﬁﬁtﬁﬁi ﬂa@@eievaé@e atheutangehg

Pontrol devi R BEEE s B aleHd rhdidnp i BrFEVEluE, ZTBEREAR Fon 1 s
described. Ivalkeé switéh serefnnlrealy pesdgueseas @ selsttedtbiectad valosethéadatectedd in
conjunction with Fig, are dgjp li ke reference nuperals. Detail ed

icted b
descri pti on Rj#t %Mﬁ'%ﬁﬂﬂéh@ eéﬁﬁie‘ﬂ)ﬁi%lg qRMPingefora- 1 BA.datectedyalus o ol d
cl anpi ng for f
control uni tﬁg@ngﬁ %°‘i€<]ﬁ'?§§%t:hﬁ‘8H?%@‘eoac@hﬁ Cﬂurﬁg@%gg)éégrn%qﬁsgeaga first
subtractor maad sletented vabierfeamadhe 3elected tangatoralesty ol3tain a alesiadiop| at en
position and | anping force ensat 30 17 January 2003 9
The first aid st BRSEn APEIBo Bl SERRIE lebBinbe B ing i Lo MR et ar get
pl aten posi tdediation iHD aednﬁoi@drgmfanWame:foam AibtbotoCsuppd) #eo thEn@iofd r st and
t he second subtractors 30a and 30b are also supplied with a relative
posi tion of AHBPHMGVABICS. pl aten 12 and the fixed platen 11, as well as a
detected nol d cl C t fal tractor
30a subtracts the tHa%tq@r??ép’o‘sﬁi ?ié%&rilj??%h {h%a;?reggﬂf””\([enggﬁosiil ?%%ﬁ\z/%l ue to
obtai n a pl giositiopobetwezn thevmaiable. platen ahdttlae fp(ediplatem Bedefriddoas i

supplied to the plat position and nold cI orce conpensati on unit
304"t hr ough RIRENS AOBRNS 00 Tha Eomral: GRS | GG nto el PRI o oe

conpensat i 0’bo‘r'i@s}noﬁﬂi?ig%ﬁi’u@rélétghhﬁoéi sveénrsﬂ@d/ bﬁtd fArst ic%ﬂoﬁc&ﬁif’ri
command val ue fo e -notor ‘and suppli es It to the nmotor control unit 19.
On t he ot hevahendor theemodarondheutanteod taomrdend suaue den thet hwtor whilcdr isst r ai n

For ce. devi aidelesPahAnadoae S Rsnind doie, kot ied 82 s eorbhe ™ 0
pl aten posi tdogpimand vERleCof HiTioner, fﬂf@ﬁo@@iﬁﬁ?ﬁﬁé E@tréinirit produteéy tegh the

switch 30c. The platen position and nold clanping force conpensati on unit
30d conver t dirstheontend siovwnan@ wiakug tai thatrooter @ena centrebeemmandafrom ther the

cui tch 300 SBBYETe o S EGiTEb fnef RER sl el bIREB By (e
nol d cl anpi reqbésyscawdiewd@tegmea@@bcmMmrdi BempedreLyslde demhatrotdr ke thée
pl aten position and nold clanp ﬁ%]force conpensatjon unit 30d. Next,

referring t &optrgl cmrr@nﬁlrﬁftpréine n§g qfé"r‘%ée'é@)'ﬁtﬁ%iwde\ﬁin& Adveioacapireb a
third enbodi pmn h o imlar
conponent s aJF@ Hg\%g&tgormcgggﬂ escﬁghgwﬂbégﬁiﬁunﬁcpgﬁnan @hﬁlf‘gmﬁgogre
depi cted by don‘imam@ference nuneral s. Detailed description of such
conponents and parts will be omtted. In Fig. 4, a nold clanping force
control unit 40 is used in place of the nold clanping control unit 23 in
Fig. 2. The nold clanping force control unit 40 conprises a target val ue
swtch 40a, a detected value switch 40b, a subtractor 40c, and a platen
position and nold clanping force conpensation unit 40d.



17 January 2003 10 The subtractor 40c is supplied with the target platen
.position value and the target nold clanping force val ue through the target
val ue switch 40a. The subtractor 40c is also supplied with the platen

position and the tie bar strain amount through the detecte ha4h
40b. The subtractor 40c subtracts the dgtected val ue sel ecﬁzﬂrﬁ@%gﬁ%@%he

detected value switch 40b fromthe target value selected through the target

val ue switch 40a - aln I ALl The s ract e a0l i es

the deviation to %I}%erﬂgﬁ\gétbénmp%%i\qr?%'lﬁ%;Wétﬁng\edH&tsaerﬁrg?rﬁéenﬁgrﬁbEeﬁécgerﬁa)fé\;r:lbgati on

unit 40d. Thesjtlont betweesi theomodebleapiaten andtthe firalddplateanis defifext ee a

devi ation is converted int?aa control comand va[@ugqf?r t he not or. t hrough
I nSEt i

the platen g€ HRSEIRA- molf e c FAMEPInGOBRaRA YAl B WRtQr AtRl. 'Srhe
control co i i~ed : : ;i i ar ent
m&%s}ﬂﬁh&iﬁpgﬁeﬁnﬁg@bi& ?Q%@ﬁ;?st BBfiREd 23N4 Kifdt ddmkro! %ggwga;r]oapp

fromthe above, t I men arget value swtch 4 ects
ei t her the tvaluseforpihet otposiThieoconed Lmromantevalae det thepintbtot awhicndés f or ce

|ue. The detected val itch 40b selects. either the plat it
Une i bar SESPAMBLIR e GIRTRRBJPromls Saitchenes RRECGLIBRTEl  ©
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enbodi nents, the adjuster 26 is used to set e pl position and the

mol d cl anpi rigréwfeeusein infectingrthetmokenieesjendiret molelantirg sopdluiensor is

rowever 1 nocbiless o B8hh Bt s e nits s nafler §ohbEr e
generat or 2ZomMgnd from theSsasianingayf the inj@stitinest ths tniolfetyresingritil Bige scretaher
than the tie bar as Iona as the sensor can sense the stress due to the nold

cl anpi ng f orgachesa p frained posyionand RO[LISES Mg seroNdsAHd gomiMmand | oad
cell for th i I i J: ve, the
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cl ampi ng f orsceeve oedchis e gredetéymiaend eiteart. i vemotoMbentedlours} drikiegiyol d

cl anping force,c be cgnﬁrol ] ed a curata.@ Thi s rﬁqiul tf , n the reduction
of & def ect (C9BA5HBSMAIESIUTPIRGIMEMT eEPidi to (he Pt caniTy! CRIVEEAYar t i cl o
where hi gh mERIEFIEBCEIPTION OF THEIDRAYINGE | e the present invention has

thus been described in conjunction with the Ipref.erred enbodi ment s t hereof,
it is apparent t/Ifrédg. tisea peheraatic vieweofta mold clampiag santyolxipicelwithraympld

wbove, | 17 REHE ISR, Sk BEes BB, O % o ng-cont rol
device for use i Fi@QR isny Bloick @agrahdbfrgfirsheRample sba thatd lcthnepiagrbntrocont r ol
device conprising: a first sensor detecting a relative position between a
movabl e pl atéH %%W”dnfﬁ'gceﬂ '
Fig. 3 is a block diagram of a second example of a mold clamping
control unit shown in Fig. 1; and
Fig. 4 is a block diagram of a third example of a mold clamping control
unit shown in Fig. 1.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
A mold clamping force control device according to a first embodiment
of the present invention is described first. Referring to Fig. 1, an injection
molding machine includes a toggle type mold clamping device. The toggle
type mold clamping device has a fixed platen 11 and a movable platen 12. A
fixed mold segment 13 is mounted onto the fixed platen 11 while a movable
mold segment 14 is mounted onto the movable platen 12. The movable platen
12 is supported by a tie bar 15 in such a manner that it is movable relative to
the fixed platen 11. A toggle mechanism 16 (having a cross head 16a) is

attached to the movable platen 12 at one end of the toggle mechanism 16.



platen to produce a detected platen position; a second sensor detecting a
.ol d clanping force exerted on a nold cl anped by the novabl e platen and the
fixed platen to produce a detected nold clanping force; a target val ue
generator generating a target value between the novable pl qyeﬁn@gg,idj@
fixed platen as a target platen positiom value and generating a tdrget nold
clanping force value; and a nold clanping control unit for calculating a

position dev g Iy tion

being a dewgt?% g%%{ﬂ&e&tﬂ? (gebﬁélr eth%g atgﬁq{gg??flagan‘?%a uer’E gg%“gﬁf\e{é%et ected
pl at en posi titherstot Aderti bbm&rsmmmedtad t@ttherplaien sgppoddvi ati on bet ween t he
target nold cl anpi nd, t he det rce, said

f | d | d cl
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cl anpi ng not r%lcbél&ﬁfm@o%t&”ﬁa %fdrtl\hﬁgﬂ?%hfrbﬂ’éh gg‘é'rﬁbfd?'@:oﬁﬂgl urh"i?‘lgoég

cl anpi ng devi ation; said anpihg control unit conprises:
subtracting d&ﬂqubedrb&imm r\é{dﬂenrtgetmeldcmamctr@dmltmb&] ipdgvan d)“nthmmOtIChe

det ect ed nol cla for e framth | at en. ition value and the
Lar get ol d CPERITHkioBe s B8 hedd e ioked nthE gPE Alike T E e SRR,
devi ation an¢hbhﬁo%’élé FRRMPH D e ﬁghwmdraﬂéﬁ@%e\t@ Mar ¢5Sdmé e teor use
in selectively producing the position deviation and the nold clanping

devi at: on asorergtereef te trogisameshanisny 16. Jén%pausesgthenﬂxedr and Feavabi | Ing a |
dovi ati on. 31 3ty Fa ARE 1436 BofiwB RN EoER Sier 2L R R ! o' ©

nol di ng machtheemokitidmpihgl mbmpiS1adeamtasofurtheyithe cros@rheadn%a The January
2003 13 a first sensor detecti n% arelati ve@)om ti on between a novabl e

pl aten and PEFRYEE bfﬁ“é(?%'h”ﬂ%”’kﬂ’ a6gmentsfepuls Buahpuiesniopsiain o tha tisecond
sensor detegid g a nold clanmping force exerted on a nold clanped by the
novabl e platen and the fixed platen to produce a detected nold cl anpi ng
force; a target v ﬂlanvgremeﬂmﬁgurgeﬂnertiﬁbaig1®|steang;ep>ed/whthea ﬁmlwesensohe

e o M i AL TR A, TSR AL e
unit for calgidted tdehold BRPBiIhGTokeY | IAtdderion) @ @Jld@hﬁbrﬁbmi ROpARYdedf | on,
the position deviation being a deviation bet ween t he target pFaten

' posi tion vdeiweanthe n@vab@@lam 1 andthetixed piaten 1 heAnlme@r@mwﬁrn@

deviation b t t al ue
ond the et deORHHEP SR EinBANEBIbRA 2 AHiCIngER el cBar P2 RbveR I ™' e g
Cﬁnﬂ gured ttbg@@idﬂcmiemde; moﬁtcmhiognyr?g the mavpimegt Ubth@rmbasgld pllTlgn 1|tme of
the position deviation the. no C | evi atl on no cl anpi n
cont ol unit_ comsova Siahe siigin Semnar 208 PerneaLenaeieT AP AIRURRIEE ol
pl aten posi ttb%ﬂBfoOalaﬁw?ﬁwcgé o Fdl L‘?Illt6§3er!°\§?/g’r thd 8 séf&iééemeé ﬁb&%bﬂbélb%v

position deviation subt ractor ft tractl ng t etected nol d
cl anpi ng f artbe nheldralarhpingaaagérol mmitc23c$uapmviea@ mnttré command ¢o the miotot he nol d

cLaTD! 19, devdisP Ui Fo? NG AABRBIbI oS AURREPRE 20 Whtdct e B0 4 o o
Eﬂg glt gr AieN®drth TAHE MdId Blaeehifg foreas Thedirdimbénd s 20/feni Suppligyarti ng
mold clamping force value as a detected mold clamping force to the mold
clamping control unit 23. The linear encoder 22 detects the amount of
movement of the movable platen 12. The linear encoder 22 then supplies to
the mold clamping control unit 23 the detected amount as a relative position
of the movable and fixed platens 12 and 11.

The linear encoder 22 may be replaced with an encoder 24 which
detects the relative position between the movable platen 12 and the fixed
platen 11. In this case, the encoder 24 is mounted onto the mold clamping
motor 18. The rotation amount of the mold clamping motor 18 is detected by

the encoder 24 to allows the mold clamping control unit 23 to detect or to



cl ampi ng deviation into a second control command value for the notor; and
.switch for use in selectively supplying the first and the second control
command val ues for the notor to the nold clanping notor. 3. A nold clanping
control device for use in an injection nmolding machine, saig jgy 3% 66%1 ng
control device conprising: 17 January 72003 14 a first sensor detecting a
rel ati ve position between a novable platen and a fixed platen to produce a

det ected pl aémomﬁdté wpoﬁuéﬁ@pﬂ% ﬁ\%OﬁBFe ﬂsfe%cm nmt@m@ﬂb@w Cin@iigibrf or ce
exerted on a KP he nmovabl e platen and the fixed platen to

produce a deqfébe@ms&fieiad:m iteggle onayebe setente@dfonthe sémidprmiraes®. gener ati ng

o1 at en pos. t i on VATEMER Bner B g R ool Ui foribied iy 0o
and a nol d cubiiictts 23antrselcotlistibfractoe 2BbUb R atee p@sﬂl@ﬁlddnﬁ);b‘eni%‘fbﬁtumln and a
nmol d cl anpi ng devi ation, the position deviation bei ngt a devi at I on _bet ween

the target armplesglameing, farer campensation Lal 238, pna Eeswitels (I3 € he nol d
cl anpi ng de‘”rﬁg'n?&d%g—ldﬂggg aé%g‘(r‘oﬁ%hﬁ'}:sq&tc‘&%ﬁact%ﬂgotﬂ%ﬁ&et@?b@ tfilRIgp 419 force

val ue and the''detect force, “sai cranprng control unit

bei ng confi darged vhluesgdrrertior@by control a nold cl arrpl ng notor based upon
one of the p05|t|on deV| ation and the nold , cla g deviation; said nold

cl anpi ng control R Plaempasiios: aadftf‘Ps‘F‘oiQquar”&@ﬂer ofes agqset awth r%et he
detected pl NstPPS6 { rRBsd %Qﬁhﬁg%ré %D?ﬁﬁed){ %Qa%'v%ldén?é/@@ rtzg Ofjgri n
ct éte

the position deviation; a seco actor ng t cted
mol d cl anpi ngrgeb vekiefgenaratoe 264 fen supplies ladargaipldten pesitivhualteaotitaai n t he
mol d cl anpi qgrg%?\rlriloa}cti icﬁa#r;wping force value to the first and the second subtractors 23a
and 23b, respectively. The first subtractor 23a is already supplied with the
relative position or platen position between the movable platen 12 and the
fixed platen 11. The second subtractor 23b is already supplied with the
detected mold clamping force as the tie bar strain amount. The first subtractor
23a subtracts the platen position from the target platen position value to obtain
a platen position deviation. The platen position deviation is supplied to the
platen position compensation unit 23¢ where it is converted into a control
command value for the motor. The control command value is supplied to the
switch 23e. On the other hand, the second subtractor 23 subtracts the tie bar
strain amount from the target mold clamping force value to obtain a mold
clamping force deviation. The mold clamping force deviation is supplied to the
mold clamping force compensation unit 23d. The mold clamping force
compensation unit 23d converts the deviation into a control command value
for the motor and supplies it to the switch 23e.

Before injection of a molten resin, that is, when the mold clamping is
performed, the switch 23e connects the platen position compensation unit 23c
and the motor control unit 19. The control command value for the motor is
supplied to the motor control unit 19 as the command to control the platen
position. The motor control unit 19 controls the mold clamping motor 18
according to the control command value for the motor to control the position
of the movable platen 12,



a switch for use in selectively producing, as a selected deviation, the
.position deviation and the nold cl anping deviation; and a platen position
and nold cl anping force conpensation unit for use in converting the

sel ected deviation into a control command value for the notgr 4ﬁﬁ ﬁﬁ

to the nold clanping notor. 4. A nold ckanping control deV|ce se |n an
I njection nolding nmachine, said nold clanping control device conpri sing:

movabl e platen ard'd eIl AR g PR e Pt At R AR RE N Ton, 7.
second sensdie Mhpgcted ionghargee ite tamiond cwityc einakiy §tage ositieereteu st gped by

t he novabl e pl aten and the fixed platen to roduce a detected nold cl anping
force; a targ@mahiiana theererra Gﬁt%gﬁ&stﬁﬁaﬂ@ atiye ple saeWPasiionds iserle

movabl e pl atign gt % hic?&?‘i’:lé?h@h@”fo?c% Bor‘hﬁéﬂé’étuog{ ?rhﬁ%%oéﬁcf ‘tl?é‘nYé’lee and

generating a target force va npi ng contr ol
unit for calcomtral ung 18 t}tmsuugh the sl\em:raQBen Tmedcmtrajlad)nmhanulfmrgthéeswoai i on,

t he position, deviat devi ation etmeg he t Ia@e H)position
Vol ue and | IHATIBIGHOGE ST St couiand EaNaITar R B SUPRISHIR bei ng
devi ation bahueestof Béntré éﬁﬂt@ﬁrﬁ’e HcﬂGPéMrJI %ﬁq 9Vt%rﬂt%|§‘ﬂ+1= bR &8 ?J%Oge

nmol d clanmping force, sal ng control unit belng configured to

sel ecti vel y motor ﬂalawomm@t@tm&mn’@plnonmarﬁhwldedpbmednetomﬂo ebjpisptis ti on
devi ati on and t,h

conpri ses: Anelg, nB{pglf‘ééc rrpA§ %Hggé” Jlgg’n > %@%&aﬁﬁcﬂ% AP rtgé“ gm t
sel ect ed t ar@@trov! ghsfied fﬁhb%gﬂtclﬂhétr@ﬂo%tﬁtémm val ue and t he t ar get nold
clanping force val ue; a detected value switch for use in selectively
produci ng, as a Rafera elarging the molten resin, the movable platen 12 should be

placed at a position where the movable and fixed mold segments do not

contact completely. When the molten resin is injected (charged) and the

movable platen position control is shifted to the mold clamping force control

with the mold segments not being contacted completely, the molten resin flows

well without exerting an unnecessary stress on a molded article. Furthermore,

the stress distributes uniformly. This eliminates or at least reduces the

problem of the defective appearance such as a sink mark and a burr. For

optical products, uniformity in thickness and birefringence are improved.

The detection of the tie bar strain amount for the feedback control as
described above allows providing a uniform and stable mold clamping force to
the molded articles. For example, a typical problem of the toggle mechanism
can be relieved that the mold clamping force becomes unnecessarily high due
to a reaction force as a filling pressure becomes high.

Next, referring to Fig. 3, a mold clamping force control device according
to a second embodiment of the present invention is described. In Fig. 3,
similar components and parts to those described in conjunction with Fig. 2 are
depicted by like reference numerals. Detailed description of such components
and parts will be omitted.

In Fig. 3, a mold clamping force control unit 30 is used in place of the
mold clamping control unit 23. The mold clamping force control unit 30
comprises a first subtractor 30a, a second subtractor 30b, a switch (SW) 30c,

and a platen position and mold clamping force compensation unit 30d.



detected val ue, the detected platen position and the detected nold cl anpi ng
.force, said detected value switch being in cooperation with said target
value switch; a subtractor for subtracting the sel ected detected value from
the selected target value to obtain a deviation; and a platgen QR}?&/ 4 and
mol d cl anping force conpensation unit fer use in converting tft Ia |on
into a control command val ue for the notor to supply the control conmand
val ue to the nol t ; I as
Claimed i n ol aim D (R End (TP sgbond subirERols S0 SR I a8 S ppiea e ¢

pl at en and ttaegdtiptatdn ploattien \tastueaapdiattarqumolﬁmhampmg]f@rcbawajaeyTB@(ﬁBstl6 t he

trol I f th t d t he .pl at
osi 11 on 15 G IfoaceRnESpbyEeiOR,aba e et Ao Sucrid b HURBH and t he
control congidiorbife riévate plateRH 2UHd thel fre@RIARAPON dsWell 85 biidied

clanmping force 1s defined as a second control conmmand val ue for the notor,
and wherein malddclamlpmgcﬂommbh@e behsi}f@lh amountprTcthfaretsswbteedtow%@a sabiraats

d valug for, th t { d _f f th
Coar oo feidhteh FosrbloR” ik 04! Blard s BRERER VA% 16 BobE d Blebeh "t
produces t hepssfadedatidn. 0|Ttté0métﬁi po8ltion cﬂé\haﬁdlﬁsr@wﬂihe%std fh% ﬁtélﬂér'f ol

command after the certain period of tinme has el apse said nol d c| anpi ng
control devi Fwﬁfqrr@mfémoé@ﬁgﬁm@ngéowerﬁqmemrpnmnltﬁ@d threwghithe, swigely

controlling e C ik [ ij
nmol d cl anpi n:l’gd]:coﬁ]rﬁle %lﬁ%ﬁ{pﬂcg%an;@éﬁép@r#gdﬁ%ﬁtp@&afo&céf&%m?\gﬁﬁb?f@ refati ve
posi tion betowrwerts ltiee revahddeviatien naoda tomstréli cortmphdtvaiue forahglnadten

position, and wherein said nold cla control unit produces the first

control conmflitsURAligs ittethe motabetr éJ bntrol command from t he begi nni ng
of the injection | ryesi i el apses
and produces the g@é@@ngt@%ﬁm tﬁ%n%angtjvalfbﬁ%a% orﬁ?tﬂ Se%éos tgfsa tt gsi:ont r ol
comuand aft estratmenmn'nt diom (iee itarged imald netaimpingeforps edluestd dbtait @ wb&hpi ng

trol d ft i t trol unit, f drivi ngl
cont 1 ol 1 ng F#1aPIHGI s SRBRIRR nbfe AR coer Ag o R RlisiiF SUPRIAENTe 7. A
mol d cl anpi ngatefPdsttlonded ﬁfbl@%la‘hﬁﬁh@?@rc’e%cﬂtﬁéﬁa‘ﬂwn%ﬁﬁ%d‘tﬁr@@?ﬁ feati ve
position between the novab platen and the fixed platen is a platen
posi tion, tHitebAlcol Theoplataitipesitier andmeldeclamping far a:epmaeesﬁtno@stp'uhdu ng to
the platen pag] & ArsSindlcBRR e Rafdd Fito SOBLER SAMTRAG YALYTo! B t he

notor, and the control comran chis correspondlng
to the nol d mb@mandguppliexit tethtemhotedonsrohusidond control comrand val ue for
the motor, and wherein said no| control unjt produces the first
control command Btlm%epg}o‘fménkg@%ﬁwg&ggeéﬁf‘t%ltocéﬁ%ﬁh&'ﬁ%% & Het&kgi nni ng
of the inj eGdsfnaevidtbn B thefnsiBiampiig fo ibtfrTaRE Ly the ShRR1eA apses
and produces e second control comm va ue or e notor“as the control
conmand af t glevidtiendertbeiptatpemiositionf and nwltatanapingSerte canpensationmiuar y
2003 17 nol CII anpi ng control device further conprising a notor control
unit for dri*vi‘ngly controlling the nold clanmping notor according to the
control conmmand. NextAef@tifg e #FpiaNa rﬁ@mélgtnp fo%é aéntﬁd;mew@adto%mgm5

wherein the relative positlon between the npvabl e platen and the fixed
platen is atwaath@eteamdﬂm@nt ofithe rresrmtdnverdionds desaribrd.f brFight, similar whi ch

is correspo cgnt s.ol
comand val {}ghﬂ:%rnteﬁhst gﬁd é)?r;seg%gﬂé% hée(ﬁ dr%’nﬂ’r{g:?sgl\&gﬁ 5‘%9 ?hée'rem)tor
which is cordegmmdyn@e fefe'té‘r&ermjrﬂetélﬁﬁple@leﬂQfaserlpﬁorﬂ@f$tmi'dc<ﬁrﬁ enersond
control command value for the notor, and wherein said nold clanping control

unit produc@fdthatsswillde rpittedo| command val ue for the notor as a control
command fromthe n f f r il a
certain period o P?% 'gﬂgolgie%lé@ﬁcitd;fo‘?&uggétr huerﬁtrswebcglr)lu e?(;ﬁﬂt;ﬁé#é]%t%m%rand

val ue for thneaoldto:tamplag conhtrotomit 281in Ecgn?an'ﬂwealh'toed clahmlr@@fdrae copteoli wt of tine
has el apsed, said nol i ng cont eV|c er. conprising a notor
control uni 240 EPMBFISES ﬁg*%@oﬁ%f"ﬁl?‘?”?@ ﬁﬂ tateg %?'HS %Qﬂ 49808rdi ng to
Lhe control saefEBRA408. ary Fpldle gﬁibﬂ%rfbor%rooéla WG Rrés c6hpeABRdm O ai m
2, wherein the relative pog:btlonpgetv\een t he rmvgi% eg:p | at en End the fixed
platen i s aupit#tOdn position, the control conmand val ue for the notor which
is corresponding to the platen position is defined as a first control
command value for the notor, and the control command val ue for the notor
which is corresponding to the nold clanping force is defined as a second
control command val ue for the notor, the injection nolding machi ne
conprising a screw for injecting the nolten resin, and wherein said nold

cl anmping control unit produces the first control conmand val ue for the
nmotor as a notor control corrmand froma begl nn| ng of the i nj ect| on of the
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17 January 2003 18 conprising a notor control unit for drivingly
.controlling the nold clanping notor according to the notor control conmmand.
10. A nold clanping control device as recited in Caim3, wherein the
relative position between the nmovable platen and the fixed 9 glf 490@3
platen position, the injection nolding fgchine conprising a screw
injecting the nDIten resin, and wherein the nold clanping control unit
produces the firs WI t trol
command from a befg?(?lgpéltggégf)m e |n Fyg}q W%ﬁ@e{@?éﬁ%ﬁ%?g@lon e?ﬁ&
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pl aten and the fixed &aten tqérgrodu e a detected mol d cl anpi ng force;
generati ng éoﬁypb@tn vieu B1aid tGIRBR NG EorRe veito! Rdgasatein @ndnheelecivdlYpl at en

as a target g e%% é'rﬁdlg%légﬁ#*ﬁg fBr%r bR (?%aé&hf?%[e é/’“’rlrﬁs fedUiR N9

force val ue; V|a I on an
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and the detected vtmhguré &‘&bﬁgmf«@ﬁﬁ@h M&d Uis Eh @@éc%tewrwnmetww.thng a

nol d cl anpi ng notor based upon one of the position deviation and t
cl anpi ng de\tlneupirefarredaambmﬂ;me@ts theredfeit is appaiest thpt the pmsmtmavgntm% 20
subtracting the detected platen position and the detected nold cl anpi ng



force fromthe target platen position value and the target nold cl anping
.force value, respectively, to produce the position deviation and the nold
cl anpi ng devi ation, respectively; selectively producing the position
deviation and the nold clanping deviation as a selected devzajdfpry 2063
generating a control conmand val ue for 4fe nold cl anpi ng notor according to
the selected deviation. 14 A nethod for controlling nold clanping in an

i nj ection ﬁ%sy B8 i fé?ﬁ&%ediﬁﬂd&ggﬂiah@qs%@mmwsna heethbePwhidh adeicicting a
relative position between a novable platen and a fixed platen to produce a
det ect ed pl atescripediabowe; detecting a nold clanping force exerted on a nold
cl anped by the novable platen and the fixed platen to produce a detected
nol d cl anpi ng force; generating a target val ue between the novabl e pl aten
and the fixed platen as a target platen position value for generating a
target nold clanping force value; calculating a position deviation and a
nol d cl anpi ng devi ation, the position deviation being a deviation between
the target platen position value and the detected platen position, the nold
cl anpi ng devi ation being a deviation between the target nold clanmping force
val ue and the detected nold clanping force value; and selectively
controlling a nold cl anpi ng notor based upon one of the position deviation
and the nold clanpi ng deviation; said nethod further conprising the steps
of : subtracting the detected platen position fromthe target platen
position to obtain the position deviation; subtracting the detected nold
clanping force fromthe target nold clanping force to obtain the nold

cl anpi ng devi ati on; 17 January 2003 21 converting the position deviation
into a first control comrand value for the notor; converting the nold

cl anpi ng deviation into a second control command val ue



for the notor; and selectively supplying the first and second control
command values for the notor to the nold clanping notor. 15. A nethod for
controlling nold clanmping in an injection nolding machi ne, said nethod
conprising the steps of: detecting a relative position betwetmuany00bd| e
platen and a fixed platen to produce a detected platen position; detecting
a nold clanping force exerted on a nold cl anped by the novabl e platen and
the fixed platen to produce a detected nold clanping force; generating a
target val ue between the novable platen and the fixed platen as a target
pl aten position value for generating g target nold clanping force val ue;
cal culating a position deviation and a nold cl anpi ng devi ation, the
position deviation being a deviation between the target platen position

val ue aWVHATDES OLAMERIISI aten position, the nold cl anping deviation being a
devi ation between the target nold clanping force value and the detected

mot or based oport SRl Si&tFia8RRofB| SR Tt rEht R ekl falie tnaie
devi at isaief mekl clampiryocbrtmidevise rgnipnisingt eps of 1 subtracting the detected
B o et L A SRR PR R il P gt P PRI el
ol d ¢ hien B pfadiuee d deteblediplateR®oBmibA; ¢l anpi ng devi ation; sel ectively

produci ng the position deviation and the nold cl anpi ng deviatjon as a
sel ected de $RGBW; s%‘?@ré’SFﬁFé'FQi%ﬁ‘o?%E'ag&'%?ﬁﬂe(Pg’T@githai'ﬁP'éi ¢lawpatr ol

comangy ¥Rd HiovaBle plafn®iPthe fixed platen to produce a detected mold clamping force:

a target value generator generating a target value between the movable platen
and the fixed platen as a target platen position value and generating a target mold
clamping force value; and

a mold clamping control unit for calculating a position deviation and a mold
clamping deviation, the position deviation being a deviation between the target platen
position value and the detected platen position, the mold clamping deviation being a
deviation between the target mold clamping force value and the detected mold
clamping force, said mold clamping control unit being configured to selectively control
a mold clamping motor based upon one of the position deviation and the mold
clamping deviation;

said mold clamping control unit comprises:

a subtracting unit for subtracting the detected platen position and the
detected mold clamping force from the target platen position value and the target
mold clamping force value, respectively, to produce the position deviation and the
mold clamping deviation, respectively;

a switch for use in selectively producing the position deviation and the mold
clamping deviation as a selected deviation; and

a generating unit for generating a control command value for the mold
clamping motor according to the selected deviation.

2. A mold clamping control device for use in an injection molding machine,

said mold clamping control device comprising:



to supply the control comrand value to the nold clanpi ng notor. 17
January 2003 22 16. A nethod for controlling nold clanping in and injection

" nol di ng machi ne, said nmethod conprising the steps of: detecting a relative

position between a novable platen and a fixed platen to prpdygsusty2ebsct ed

pl aten position; detecting a nold clanping farce exerted on a nold cl anped

by the novable platen and the fixed platen to produce a detected nold

cl anping force; generating a target val ue between the novabl e platen and

the fixed platen as a target platen position value for generating a target

mol d cl anpi ng force val ue; cal cul ating1d position deviation and a nold

cl anpi ng devi ation, the position deviation being a deviation between the

target platen position value and the detected platen position, the nold

cl anpi ng devi ation being a deviation between the target nold clanping force

val ue and th etected no|.d clanping faqrce value; and sel ecti vel

control li nd ﬁr 4sel gﬁﬁi‘:h@g ﬁof%"’ﬁa@%ﬂﬁ%gﬁ?w i mpﬁéb%o%'?ﬁ”oﬁ%‘{’i@\/i ation
and t fire8Plateh k@ pRIdIGedrNdtatiediblateaipdsihhod further conprising the steps
of : selectively producin as a selected target value, the target platen

posi ti on va %@%ﬁoﬁ%ﬁ@r?g‘eﬁﬁﬂg ﬁdﬂﬂ'chF'a'ﬁ‘ﬁmﬂgfof‘éﬁ gxened gBa 6@“%@@%@
pr Odu%;ynt@he %véb%eblﬁfénegnéﬁ%éqwg pl&lcheto Fn!‘b“du@@t&‘ate?%t@& %&g &%PH on and
e c ected detec

t he detected nol anpi ng force; subtracting the se ed val ue
from feréesel ected target value to obtain a deviation; and converting the
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command val ue I'ng notor. as reécited’i'n claim
15, wipaten mnditberfixedtnlatenmssa target biatere positibre vatneadric gphatading anthrgéte fi xed

pl at en_J . nal wherein the control command value for the nold
cl arrpi?'h aﬁ&rﬁ#'ﬁég&ég’%h‘ﬁdgﬁa to the platen position is defined as a first
control commmotd thamgihg control uniifist ¢dieulatimd aopositioriraediatiah umdf @rméle not or
whi ch _correspaonds. to, the | d, cl anping force.is defined as, a second control
Comm AT Gepropr e EebRn il RS deFiaEn TEsES UE e Sl Paeaps of
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as a control comand from a be% nni ng, of _the injection of the nolten resin
unt i | dgviatien fHeiwgen; hg target mo clamgmg force value and the detected mold

clamping force, said mold clamping control unit being configured to selectively control
a mold clamping motor based upon one of the position deviation and the mold
clamping deviation;
said mold clamping control unit comprises:
a first subtractor for subtracting the detected platen position from the target
platen position value to obtain the position deviation;
a second subtractor for subtracting the detected mold clamping force from
the target mold clamping force value to obtain the mold clamping deviation;
-‘a=platen position compensation unit for use in converting the position
deviation into a first control command value for the motor;
a mold clamping force compensation unit for use in converting the mold
clamping deviation into a second control command value for the motor; and
switch for use in selectively supplying the first and the second control
command values for the motor to the mold clamping motor.
3. A mold clamping control device for use in an injection molding

machine, said mold clamping control device comprising:



of time el apses, and producing the second control command val ue for the
mot or as the control command after the certain period of tinme has el apsed;
and drivingly controlling the nold clanping notor according to the control
comand. 18. A method as recited in claim16, wherein the fEUahiarg 2008i tion
bet ween the novable platen and the fixed platen is a platen position, said
nmet hod further conprising the steps of: producing the first control comrmand
value for the notor as a control comrand fromthe begi nning of the
injection of the nolten resin until a certain period of tine el apses;
produci ng the second control conmmand valdie for the notor as the contro
command after the certain period of tine has el apsed; and drivingly
controlling the nold clanping notor according to the control conmmand. 19. A
method as recited in claim17, wherein the relative position between the

novabl e pl ate nd the fixed platen is a. platen position, the control
comand val @eﬁr!sg,sepw deIeeling A %Wﬁrfr“b@tﬁg‘n t"‘fe@“tﬁé“BYagil%quﬂSEi%doﬁ i s
defi ne@Xé&,%iaééh E&br&%@é%@etﬁ&gﬁyﬁeﬁf%bgﬁoﬁpr the notor, and wherein the
control co I e noto

nd value for t r which corresponds to the nold clanping
force is defasemdndseaserdendtingpatmol adampiagdorcal axerfest on hemolot dampedi d

nmet hod , further ¢ risin e steps,aof: prodycing the fiyst contral comrand
val ue Pgﬁhﬁhrgoﬁﬁ@gfp'ﬁénag%%ﬁh? i‘?‘e‘g&@ﬁﬂdgfﬁ% ?Gh% SQGICH Hb’kgfc'at“ﬂ%'”g
i nj ectifgrgeof the nolten resin until a certain period of tinme el apses;

produci ng the second control command value for the notor as the control
command af t 8r target velkeagengsatarogenaratngn® figek vajyise etwigrn tha 7mgwahlery 2003
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mold clamping force value; and

a mold clamping control unit for calculating a position deviation and a mold
clamping deviation, the position deviation being a deviation between the target platen
position value and the detected platen position, the mold clamping deviation being a
deviation between the target mold clamping force value and the detected mold
clamping force, said mold clamping control unit being configured to selectively
control a mold clamping motor based upon cne of the position deviation and the mold
clamping deviation;

said mold clamping control unit comprises:

a first subtractor for subtracting the detected platen position from the target
platen position value to obtain the position deviation;

a second subtractor for subtracting the detected mold clamping force from
the target mold clamping force value to obtain the mold clamping deviation;

a switch for use in selectively producing, as a selected deviation, the position
deviation and the mold clamping deviation; and

a platen position and mold clamping force compensation unit for use in
converting the selected deviation into a control command value for the motor to
supply it to the mold clamping motor.

4. A mold clamping control device for use in an injection molding

machine, said mold clamping control device comprising:



20. A nmethod as recited in claim 18, wherein a relative position between
the novabl e platen and the fixed platen is a platen position, the control
command for the notor which corresponds to the platen position is defined
as a first control command value for the notor, and whereify JdiRiap@R003!
command val ue for the notor which corresponds to the nold clanping force is
defined as a second control command value for the notor, said method
further conprising the steps of: producing the first control conmand val ue
for the notor as a control conmand from.the beginning of the injection of
the molten resin until a certain perio&5of time el apses; producing the
second control command value for the notor as the control command after the
certain period of time has elapsed; and drivingly controlling the nold

cl anpi ng notor according to the control command. 21. A method as recited in

claim 15, wherein the relative position, be en the novable platen and the
fixed plat e"fﬁ‘?‘ir%t %@rﬁpmdstf«@aeiq reRlive HBS‘H%:Q\QEW"J%WHE‘@‘&I Eﬂé{)%?”q Re not or

corre i { A isAdefined as a first control command
Wlﬁ&nt@&r@&%ﬂ%ﬁ@ ROPH I hdsHidie

val ue e notor, ereln the control command for the notor which
cor r espondsa secetbsendal detentipg regmbést dempinglisircen ederdisd ansenoit cleotedol

d I f t t ' hod. f h i si t t f:
b odudihis AR PR ad: e e PR eEI R SRORSPS 480 Hepoecont r o
comarfdrdg:om a begi nning of injection of the nolten resin until a position

of an injection screw reaches a predeterm ned position; producing the
second conta dRrass ARl 9eAEAIOT generdingod dargel Yalee mirtween ofher Blovablemand

pos ¢ IRREAE b Oreln 5 Rha poFideRp R BAsHER SRR pad oBRBEINE b g o
the noherd slampliny foecewalogt. and 17 January 2003 25 22. A nethod as recited in
claim 16, wherein the relative position between the novable platen and the

fixed plat ehmald£lampingreandel untier salpdlatiag Rorositien Weviatierpidsamgoldhe st eps
f: ! g rol I : t

cont PPEBIT dE0Rron B BOSHER JSAE GNE dodbpbron bdiedh A3 Brd 01,

posi t iplateof pasitiomyaloeiand therdatected qiaten pasitiode thee maie atlgmosing idaviatipnoduci ng

th d trol d f h t t t trol d
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posi tifagid é\aﬁ\pﬂg wrwlsticp%g% eﬂakﬂ% Ebﬁtr&‘l!rﬁ't ik HﬁgtﬁﬁéHQE s%‘fé‘cﬂgﬂgng to

the notor contr comrand od as recited inclaim17, rein the

rel at icpatiebsi moith claotpieg motee based bipenpore of thedasitionf dedatipl andrthes a

pl at en Sit i > control command val ue for the notor corresponding to
t he plrgg@nélét'gﬁpiéo%?ﬁtgﬂdefi ned as a first control command val ue for the

mot or, and said redld clabeping odmted! unitrooepdiseal ue for the notor corresponding to
the nmold cl anping force | fdefi ned a? zi\ secong control conmmand val ue for
the motor. 2 HTECHKRIHEEWilsP IREUSE JyselesiNglY MEduFBRs a81a SBIEBIRACIAME he fi r st
Contr%l@g@@;mf;y%la@nwsitwﬁgvannﬁsﬁd%@,rg”@ttrﬁéld%bm i \gk;froma

begi nni ng nfection of t ten resin until a po?ition of 'an injection
screw r eachesetegied dalus rswitel foosise om;sefacbivelyi prpduhings exssoadselectedol

command,.val ue for the mofor as the.notor control co after.the position
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24. A nmethod as recited in claim 18, wherein the relative position between

t he novabl e gHBlrasoRf subdracting dhe salesied detgcipdavalHegeamithgeleqied cont r ol
17 ‘]a%‘@renglggqo obtain a deviation; and

a platen position and mold clamping force compensation unit for use in
converting the deviation into a control command value for the motor to supply the
control command value to the mold clamping motor.

5. A mold clamping control device as claimed in Claim 2, wherein the
relative position between the movable platen and the fixed platen is a platen position,



26 command val ue for the notor corresponding to the platen position is
defined as a first control command for the notor, and wherein the control
command val ue for the notor which corresponds to the nold clanping force is
defined as a second control command value for the notor, s@ shreinh2003
further conprising the steps of: producing the first control conmand val ue
for the notor as a notor control conmand from a begi nning of injection of
the nolten resin until a position of an injection screw reaches a
predeterm ned position; producing the sqgond control command value for the
notor as the notor control command after the position of the injection
screw reaches the predeterm ned position; and drivingly controlling the
nol d cl anmpi ng notor according to the notor control command.
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Ica]ca] ca] % Lb@‘ m%%(y%lla(r%ﬁilr;g control device as claimed in claim 3, wherein the

relative position between the movable platen and the fixed platen is a platen position,

and wherein said mold clamping control unit produces the first control command vaiue

for the motor as a control command from the beginning of the injection of the molten

resin until a certain period of time elapses and produces the second control command

value for the motor as the control command after the certain period of time has

elapsed, said mold clamping control device further comprising a motor control unit for

drivingly controlling the mold clamping motor according to the control command.

7. A mold clamping control device as claimed in Claim 4, wherein the

relative position between the movable platen and the fixed platen is a platen

position, the control command value for the motor which is corresponding to the

platen position is defined as a first control command value for the motor, and the

control command value for the motor which is corresponding to the mold clamping

force is defined as a second control command value for the motor, and wherein said

mold clamping control unit produces the first control command value for the motor

as a control command from the beginning of the injection of the molten resin until a

certain period of time elapses and produces the second control command value for

the motor as the control command after the certain period of time has elapsed, said
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mold clamping control device further comprising a motor control unit for drivingly
controlling the mold clamping motor according to the control command.

8. A mold clamping control device as claimed in Claim 5, wherein the
relative position between the movable platen and the fixed platen is a platen position,
the control command value for the motor which is corresponding to the platen position
is defined as a first control command value for the motor, and the control command
value for the motor which is corresponding to the mold clamping force is defined as a
second control command value for the motor, and wherein said mold clamping control
unit produces the first control command value for the motor as a control command
from the beginning of the injection of the moiten resin until a certain period of time

- elapses and produces the second control command value for the motor as the control
command after the certain period of time has elapsed, said mold clamping control
device further comprising a motor control unit for drivingly controlling the mold
clamping motor according to the control command.

9. A mold clamping control device as claimed in Claim 2, wherein the
relative position between the movable platen and the fixed platen is a platen position,
the control command value for the motor which is corresponding to the platen position
is defined as a first control command value for the motor, and the control command
value for the motor which is corresponding to the mold clamping force is defined as a
second control command value for the motor, the injection molding machine
comprising a screw for injecting the molten resin, and wherein said mold clamping
control unit produces the first control command value for the motor as a motor control
command from a beginning of the injection of the molten resin until a position of the
screw reaches a predetermined position and produces the second control command
value for the motor as the motor control command after the position of the screw
reaches the predetermined position, said mold clamping control device further
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rdlfive posmon between the movable platen and the fixed platen is a platen position,
the injection molding machine comprising a screw for injecting the molten resin, and
wherein the mold clamping control unit produces the first control command value for
the motor as a motor control command from a beginning of the injection of the molten
resin until a position of the screw reaches a predetermined position and produces the
second control command value for the motor as the motor control command after the
position of the screw reaches the predetermined position, said mold clamping control
device further comprising a motor control unit for drivingly controlling the mold
clamping motor according to the motor control command.

11. A mold clamping control device as claimed in Claim 4, wherein the
relative position between the movable platen and the fixed platen is a platen position,
the control command value for the motor which is corresponding to the platen
position is defined as a first control command value for the motor, and the control
command value for the motor which is corresponding to the mold clamping force is
defined as a second control command value for the motor, the injection molding
machine comprising a screw for injecting the molten resin, and wherein said mold
clamping control unit produces the first control command value for the motor as a
motor control command from a beginning of the injection of the molten resin until a
position of the screw reaches a predetermined position and produces the second
control command value for the motor as the motor control command after the
position of the screw reaches the predetermined position, said mold clamping control
device further comprising a motor control unit for drivingly controlling the mold
clamping motor according to the motor control command.

12. A mold clamping contro! device as claimed in Claim 5, wherein the
relative position between the movable platen and the fixed platen is a platen

position, the control command value for the motor which is corresponding to the
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platen position is defined as a first control command value for the motor, and the
control command value for the motor which is corresponding to the mold clamping
force is defined as a second control command value for the motor, the injection
molding machine comprising a screw for injecting the molten resin, and wherein
said mold clamping control unit produces the first control command value for the
motor as a motor control command from a beginning of the injection of the molten
resin until a position of the screw reaches a predetermined position and produces
the second control command value for the motor as the motor control command
after the position of the screw reaches the predetermined position, said mold
clamping control device further comprising a motor control unit for drivingly
controlling the mold clamping motor according to the motor control command.
13. A method for controlling mold clamping in an injection molding machine,
said method comprising the steps of:
detecting a relative position between a movable platen and a fixed platen to
produce a detected platen position;
detecting a mold clamping force exerted on a mold clamped by the movable
platen and the fixed platen to produce a detected mold clamping force;
generating a target value between the movable platen and the fixed platen as a
target platen position value for generating a target mold clamping force value;
calculating a position deviation and a mold clamping deviation, the position
deviation being a deviation between the target platen position value and the detected
platen position, the mold clamping deviation being a deviation between the target
mold clamping force value and the detected mold clamping force value; and
selectively controlling a mold clamping motor based upon one of the position
deviation and the mold clamping deviation;

said method further comprising:
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subtracting the detected platen position and the detected mold clamping
force from the target platen position value and the target mold clamping force
value, respectively, to produce the position deviation and the mold clamping
deviation, respectively;
selectively producing the position deviation and the mold clamping deviation
as a selected deviation; and
generating a control command value for the mold clamping motor according
to the selected deviation.
14. A method for controlling mold clamping in an injection molding
machine, said method comprising the steps of:
detecting a relative position between a movable platen and a fixed platen to
produce a detected platen position;
detecting a mold clamping force exerted on a mold clamped by the movable
platen and the fixed platen to produce a detected mold clamping force;
generating a target value between the movable platen and the fixed platen as
a target platen position value for generating a target mold clamping force value;
calculating a position deviation and a mold clamping deviation, the position
deviation being a deviation between the target platen position value and the
detected platen position, the mold clamping deviation being a deviation between the
target mold clamping force value and the detected mold clamping force value; and
selectively controlling a moid clamping motor based upon one of the position
deviation and the mqld clamping deviation;
said method further comprising the steps of:
subtracting the detected platen position from the target platen position to
obtain the position deviation;
subtracting the detected mold clamping force from the target mold clamping
force to obtain the mold clamping deviation;
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converting the position deviation into a first control command value for the
motor; converting the mold clamping deviation into a second control command value
for the motor; and

selectively supplying the first and second control command values for the
motor to the mald clamping mator,

18. A method for controlling mold clamping in an injection molding
machine, said method comprising the steps of:

detecting a relative position between a movable platen and a fixed platen to
produce a detected platen position;

detecting a mold clamping force exerted on a mold clamped by the movable
platen and the fixed platen to produce a detected mold clamping force;

generating a target value between the movable platen and the fixed platen as
a target platen position value for generating a target mold clamping force value;

calculating a position deviation and a mold clamping deviation, the position
deviation being a deviation between the target platen position value and the detected
platen position, the mold clamping deviation being a deviation between the target
mold clamping force value and the detected mold clamping force value; and

selectively controlling a mold clamping motor based upon one of the position
deviation and the mold clamping deviation;

said method comprising the steps of:

subtracting the detected platen position from the target platen position to

obtain the position deviation;
subtracting the detected mold clamping force from the target mold clamping

force to obtain the mold clamping deviation;
selectively producing the position deviation and the mold clamping deviation

as a selected deviation; and
converting the selected deviation into a control command value for the motor

to supply the control command value to the mold clamping motor.
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16. A method for controlling mold clamping in and injection molding
machine, said method comprising the steps of:

detecting a relative position between a movable platen and a fixed platen to
produce a detected platen position,;

detecting a mold clamping force exerted on a mold clamped by the movable
platen and the fixed platen to produce a detected mold clamping force;

generating a target value between the movable platen and the fixed platen as
a target platen position value for generating a target mold clamping force value;

calculating a position deviation and a mold clamping deviation, the position
deviation being a deviation between the target platen position value and the
detected platen position, the mold clamping deviation being a deviation between the
target mold clamping force value and the detected mold clamping force value; and

selectively controlling a mold clamping motor based upon one of the position
deviation and the mold clamping deviation;

said method further comprising the steps of:

selectively producing, as a selected target value, the target platen position
value and the target mold clamping force value;

selectively producing, as a selected detected value, the detected platen
position and the detected mold clamping force;

subtracting the selected detected value from the selected target value to
obtain a deviation; and

converting the deviation into a control command value for the motor to
supply the control command value to the mold clamping motor.

17. A method as recited in claim 15, wherein the relative position between
the movable platen and the fixed platen is a platen position, wherein the control
command value for the mold clamping motor corresponding to the platen position is
defined as a first control command for the motor, and the control command value for
the motor which corresponds to the mold clamping force is defined as a second
control command value for the motor, said method further comprising the steps of:
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producing the first control command value for the motor as a control
command from a beginning of the injection of the molten resin until a certain period
of time elapses, and producing the second control command value for the motor as
the control command after the certain period of time has elapsed; and

drivingly controlling the mold clamping motor according to the control
command.

18. A method as recited in claim 16, wherein the relative position
between the movable platen and the fixed platen is a platen position, said method
further comprising the steps of:

producing the first control command value for the motor as a control
command from the beginning of the injection of the molten resin until a certain
period of time elapses;

producing the second control command value for the motor as the control
command after the certain period of time has elapsed; and

drivingly controlling the mold clamping motor according to the controi
command.

19. A method as recited in claim 17, wherein the relative position between
the movable platen and the fixed platen is a platen position, the control command
value for the motor which corresponds to the platen position is defined as a first
control command value for the motor, and wherein the control command value for the
motor which corresponds to the mold clamping force is defined as a second control
command value for the motor, said method further comprising the steps of:

producing the first control command value for the motor as a control

command from the beginning of the injection of the molten resin until a certain

period of time elapses;
producing the second control command value for the motor as the control

command after the certain period of time has elapsed; and
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drivingly controlling the mold clamping motor according to the control
command.

20. A method as recited in claim 18, wherein a relative position between
the movable platen and the fixed platen is a platen position, the control command for
the motor which corresponds to the platen position is defined as a first control
command value for the motor, and wherein the control command value for the motor
which corresponds to the mold clamping force is defined as a second control
command value for the motor, said method further comprising the steps of:

producing the first control command value for the motor as a control
command from the beginning of the injection of the molten resin until a certain
period of time elapses;

producing the second control command value for the motor as the control
command after the certain period of time has elapsed; and

drivingly controlling the mold clamping motor according to the control
command.

21. A method as recited in claim 15, wherein the relative position between
the movable platen and the fixed platen is a platen position, the control command
value for the motor corresponding to the platen pasition is defined as a first control
command value for the motor, and wherein the control command for the motor which
corresponds to the mold clamping force is defined as a second control command
value for the motor, said method further comprising the steps of:

producing the first control command value for the motor as a motor control
command from a beginning of injection of the molten resin until a position of an
injection screw reaches a predetermined position;

producing the second control command value for the motor as the motor
control command after the position of the injection screw reaches the

predetermined position; and
drivingly controlling the mold clamping motor according to the motor control

command.
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22. A method as recited in claim 16, wherein the relative position between
the movable platen and the fixed platen is a platen position, said method further
comprising the steps of:

producing the first control command value for the motor as a motor control
command from a beginning of injection of the molten resin until a position of an
injection screw reaches a predetermined position;

producing the second control command value for the motor as the motor
control command after the position of the injection screw reaches the
predetermined position; and

drivingly controlling the mold clamping motor according to the motor control
command.

23. A method as recited in claim 17, wherein the relative position between
the movable platen and the fixed platen is a platen position, the control command
value for the motor corresponding to the platen position is defined as a first control
command value for the motor, and wherein the control command value for the motor
corresponding to the mold clamping force is defined as a second control command
value for the motor, said method further comprising the steps of:

producing the first control command value for the motor as a motor control
command from a beginning of injection of the molten resin until a position of an
injection screw reaches a predetermined position;

producing the second control command value for the motor as the motor
control command after the position of the injection screw reaches the

predetermined position; and
drivingly controlling the mold clamping motor according to the motor control

command.
24. A method as recited in claim 18, wherein the relative position

between the movable platen and the fixed platen is a platen position, the control
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first control command for the motor, and wherein the control command value for the
motor which corresponds to the mold clamping force is defined as a second control
command value for the motor, said method further comprising the steps of:

producing the first control command value for the motor as a motor control
command from a beginning of injection of the molten resin until a position of an
injection screw reaches a predetermined position;

producing the second control command value for the motor as the motor
control command after the position of the injection screw reaches the
predetermined position; and .

drivingly controlling the mold clamping motor according to the motor control

command.



